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VI PREFACE TO SECOND EDITION. 

study has certainly become one of great interest to all 
scientific students of medicine. 

In the preparation of the present edition we have 
endeavored to utilize the latest and best information, and 
we can only express oiu* thanks for the encouragement 
which we have received from so many sources and hope 
that the present effort will justify no censure. 

University op Michigan, Septembrr^ 1891. 



PREFACE TO FIRST EDITION. 



Within the past ten years much has been said and 
written concerning the basic substances formed during the 
putrefaction of organic matter, and those which are pro- 
ducked by the normal tissue-changes in the living organism. 
Many investigators have given their whole time and atten- 
tion to the study of these substances, and important discov- 
eries have been made and much light has been thrown upon 
what have heretofore been considered problems in medical 
science. To collect, arrange, and systematize the facts 
concerning ptomaines and leucomames has been our first 
object. Although many short essays, some of them of 
great value, have been written with the above-mentioned 
object in view, the present work may be regarded as the 
first attempt to make this collation embrace everything of 
importiince on this subjcH^t. In endeavoring to accomplish 
this object we have met with many difficulties. The original 
r(?ports of the various investigators are scattered through 
the pages of medical and scientific journals, transactions of 
societies, monographs, government reports, etc. However, 
with few exceptions we have been able to obtiiin the original 
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reports, and we think that we liave inchided everythin^r of 
importance published up to the present year (1888). 

To the physician the facts which have been made known 
concerning the putrefactive and physiological alkaloids 
must be of great value, and if this little work furnishers 
the means by which members of the profession may Ikh'ouu* 
better acquainted with the nature of those poisons which 
are introdu(*ed from without, and those which an^ gener- 
ated within the body of man, the object of its authors will 
be accomplished. 

University of Michigan, July, 1888. 
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PTOMAINES, LEUCOMAINES, AND BACTERIAL 
PROTEIDS. 



INTRODUCTION. 

It is cuatoniary to divide bacteria into the parasitic aJid 
I the saprophytic. Tlie obligate parasite can live only on 
I living matter ; the obligate saprophyte can live only on 
I dead matter. Since all attempts to grow the bacilli of 
f syphilia and leprosy on artificial media have failed, they are 
[ probably obligate paraaites. True parasitic germs do not 
I prove speedily fiittu to their hosts, because their continued 
rpxistenoe depends upon the continued e^istenceof their host, 
Kor on their tranaferent*' t4) unothtT host. Leaving out of 
i consideration the obligate l»aftorial parasitea, about which 
■"VeiT little is known at lu'st, the above classification betimes 
"of but little importanee to us in a study of the causal rela- 
I tion of gcrniH to dist«se, iKt'ause a given bacterium may 
I. grow and mnltijiiy in one part of the body, while it is 
I unable to do so in another ; or it may thrive in one species 
|:of animal, while it finds the conditions uu&vorable m an- 
1 Other species ; or similar dilTereucea may exist in individual 
I BiembCTS of the same species. Thus, the white rat is ordi- 
I narily and naturally immuuo against the bacillus of anthrax, 
I tut if the rat lie exhauattxi by being kept on a small fread- 
[tnill for some hours it becomes susL«ptible to anthrax. 
. cognizing these facts, we propose that bacteria be divided 
unto the toxicogenic and tlie non-toxicogenic. Since we 
Pfcnow of no infectious disease in which poisons are not 
rforme<l, the toxicojp'nic germs tmly are of interesit to uri. 
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In the study of these we must not only ascertain the nature 
of the poisons which they produce, but must know the con- 
ditions under which they can multiply and elaborate these 
poisons. To these points the following pages, in so far as 
they treat of the infectious dissases, will be devoted. 

However, all diseases are not infectious ; all poisons 
formed within the body do not owe their existence to bac- 
teria. Some originate in the altered metabolism of the 
various tissues, and these will be discussed under the auto- 
genous diseases. 



CHAPTER I. 



DEFfNITlON AND CLASSIFICATION OF THE liACTERTAI. 
POISONS. 

Ptomaines. — An exact classitication of the chemical 
I fectora in tlif eauHatiou of the infectioua diseaaea can prob- 
r ably not be luadu at present. We know of two chemically 
I distinct claaacg, otic uf whicli contains substances which 
I combine with acith, ibrmiug chemical salts, and which in 
I this respect at least correspond with tlie inorganic and 
vegetable baaca. The menilwrs of this class are designatcsl 
B ptoma'ines, a name suggested by the Italian toxieologist, 
Selmi, and derived from the Greek word ^rufa, meaning a 
cadaver, A ptomaine may be defined as a chemical com- 
pound which is basic in character and which is formed by 
the ai^iou of bacteria on oi^nic matter. On account of 
their basic properties, in which they rceemhle the vegetable 
alkaloids, ptomaines may be called putrefactive alkaloids. 
They have also been called animal alkaloids, but this is a 
misnomer, l)ecause, tu the first platv, some of them are 
formed in the putre&ction of vegetable matter; and, in 
the second place, the term " animal alkaloid " is more prop- 
erly restricted to the leucomames— those basic substances 
, which result from tissue metalmlism in the body. While 
some of the ptomaines are higldy poisonous, this is not an 
I essential property, and others are wholly inert. Indeed, 
' the greater number of those which have been isolated up 
to the present time do not, when employed in single doses, 
produce any apparently harmful eflects. Bbteoer resti-icta 
the term ptomaine to the non-poisonous basic products, and 
' designates the poisonous ones as " toxines. This is a. 
I classification, however, which seems to be of questionable 
I otility. It is not always (asy to say just what bodies are 
poisonous and wliat ai-c not. The poisonous action of a 
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substance depends upon the conditions under which, and 
the time during which, it is administered. Thirty grains 
of quinine may he taken by a healthy man during twenty- ^ 
four hours withoiit any appreciably ill effect, yet few of us 
would he willing to admit that the administration of this 
amount daily for three months would be wise or altogether 
free from injury. In the same manner the administration 
of a given quantity of a putrefactive alkaloid to a dog or 
guinea-pig in a single dose may do no harm, while the 
daily production of the same substance in the intestine of 
a man and its absorption continued through weeks and pos- 
sibly months may be of marked detriment to the health. 
We do not as yet know enough about the physiological or 
toxicological action of the putrefactive alkaloids to render 
the classification proposed by Brieger worthy of general 
adoption. 

All ptomaines contain nitrogen as an essential part of 
their basic character. In this they resemble the vegetable 
alkaloids. Some of them contain oxygen, while others do 
not. The latter correspond to the volatile vegetable alka- 
loids, nicotine and coniine, and the former correspond to 
the fixed alkaloids. 

Since all putrefaction is due to the action of bat^ria, it 
follows that all ptomaines result from the growth of these 
microorganisms. The kind of ptomaine formed will de- 
pend upon the individual bacterium engaged in its produc- 
tion, the nature of the material being acted upon, and the 
conditions under which the putrefaction goes on, such as the 
temperature, amount of oxygen present, and the duration 
of the process. 

Brieger found that, although the Ebt^rth bacillus grew 
well in solutions of peptone, it did not produce any pto- 
maine ; while from cultures of the same bacillus in beef-tea 
he obtained a poisonous alkaloid. FiTZ found that whilst 
the bacillus butyricus produces by its action on carbohy- 
drates butyric acid, in glycerin it produa^s propylic alcohol, 
and MoRiN has found amyl ak^jhol among the produc^ts of 
this germ. Brown has shown that while the mycoderma 
aceti CHjnverts ethylic alcohol into acetic acid, it converts 
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!c ali?oh«l into pnipinni*: a<'ifl, ai«l is without effect 

upon methylic alrohol, primary isobntylic alcohol, and 

ainylio alcohol. Some ItacttTia wilt not multiply below a 

given temperature. Tims, the bacillus butyricus will not 

grow at a temperature below 24°.' The lower temjieratiire 

[ does not destroy the oi^nism, but it liea dormant until the 

k winditions are more favorable for its growth. Pasteur 

divided the bacteria into two classes — ^the aerobic and the 

I anaerobic. As the name implies, tlie former grow and 

I thrive in the presence of air, while the latter find their 

I conditions of life iraprovnl by tlic I'xcliision of air. Thei-e- 

fore, different ptomaines will !»■ Il>niiril in ilecomixBing 

matter freely exposed to thi' air, :uiil in tlint which is buried 

beneath the soil or from wliic-h tht^ air is lai^ly excluded. 

Even when the same ferment is present the produets of tiie i 

putrefaction will vary, within certain limits, according to . 

the extent to which the putrefying material is supplied with | 

The kind of ptomaine found in a given putrid sub- 
stance will dei«;nd also upon the et£^' of the putrefaction. 
Ptomaines arL' transition prmlucta in the process of putre- ' 
fection. They are temporary forms through which matter 
passen while it is lieing transformed, by the activity of bac- 
terial lile, from t-he oi^nic to the inoi^nic state. Cora- I 
plex organic! sulietiinces, as muscle and brain, are hnikea I 
up into less complex molecules, and bo the pnwTSS of ' 
chemical division goes on until the simple and well-known. 
final products, carlrouic acid gas, ammonia, and water, 
result ; but tlic variety of combinations into which jui 
I individual at«)m of tarhon may enter during this long 
B of changes is almost unlimited, and with each change I 
a combination there is more or less change in nature. In 
i combination the atom of carbon mav exist as a con- 
stituent of a highly poi.sonous substance, while the next . 
combination into which it enters mav be wholly inert. 

It was formerly supposed that putrefaction was simply 
oxidation, but the researches of Pasteur and others have 
dejnonstratiKl the foft that countless myriads of minutfi 
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otganiems are engaged coimtautly in transfomimg matter 
from the organie to the iiiorganii! iorm. Ijock up the bit 
of flesh so tnat these little workers cannot rva.ch it, iind it 
win remain un(;haiige<l indefiniU'ly. 

It may be asked if any of tho changes occiiiring during 

Sutrefaclion are to l>e reganled as pnrely clieniical. Without 
onbt, many of the secondary products of pntrefaction arise 
from reactions between antecedent and more <i>niplcx prod- 
ucts or by the at-tion of oxygen, water, and reducing agents 
upon primary products. Ptomaines fornie<i in this way 
may be rt^arded as the indirec^t ri-sults of bacterial lite. 

Bacterial Protbids. — These snlstanws have Iteen 
known for so short a time and are at present so inipertectly 
known that many difficulties arise in discussing them. In 
the first place, we may divide the bacterial pi-oteids into 
two classes : (1) those which constitnte an integral part of 
the bacterial cells, and (2) those which have not been 
assimilated by the cells, but which have lieen formed by 
the fermentative or cleavage action of the liacttTia on the 
proteid liodies in which tlit^ are growing. Even this 
classification is of qiiotiondble value. We allow bjicteria 
to grow for a nuinbt-r of days in a nutrient solution. We 
then sejmrate tlie soluble (wnstituents from the formed (iells 
by filtration thmugh porous tile ; we wash tlie latter and 
then study their proteid contt'uts, which constitute the first 
class, as given above ; but the filtrate contains, or may con- 
tain, any one or more of the following proteid bodies : (1) 
Those portions of the proteid substances which were used 
in the preparation of the nutrient solution and which have 
escaped the action of the bateria ; (2) proteids whifh have 
l»een at one time int^ral parts of the cells, but which 
have passed into solution on the death and dissolution of 
the bacteria ; and (3) proteids which have been formed by 
the fermentative action of the bacteria, or those which are 
defined as constituting the second class, as given above. 
We know at present of no means by wbit'h one of these 
proteids am with certainty lie isolattxl from the otliers. 
However, the above classifiiaition is a ttmvi'nii'nt one, and 
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I with a L'lmr imdtirstandiiig that it is not free fmm pritidsm 
we Qiay employ it imtil a nioru thorough aud Beientili<^ study 

I of these hodieH has ]>l-ou uiiide. 

The diffitiully in discusaiug thLSL' subatanres lies not only 

r in the classification, but in tht! name which shall be em- 

1 ployed to designate them. Bkiegeh and FhXnkbl have 
proposed the term "toxalbumins;" bnt, while it is true 
that some belong to the albumins, others are more truly 
albumtees ; others are moat dosely related to the peptones ; 
and still others differ in some importan.t respects from all 
of these. In view of the aliove facts, we have decided npoD 
the term " batiterial proteida " to designate those formed by 

I the fermentative action of germs, while those which consti- 

[ tiite an intt^ral part of the cell will lie known as " the 
baciierial cellular pmteids." 

The Badei-iai Cellular Proteids. — Nencki first prepared 

L one of these substances from pntrefactive bacteria. These 
B obtained by decantation, freed from fat with ether, 

I dissolved in fifty parts of a potash solution of 0,5 per cent., 

I heated for some hours at 100° and filtered. The filtrate 
was acidified with dilute hydrochloric acid and precipitated 
by the addition of rock salt. The precipitate was washed 
with a saturated salt solution, driea at 100°, and washed 
free from salt with water. Nencki designates this sub- 
stance as " niycoproteiu," and finds that it has the formula, 
CijH^NjOg, Freshly precipitate! niytwprotein forms in 
amorphous flakes, which are soluble in water, alkalies, and 
acids. The aqueous solution is acid in reaction. After 
bein": dried at 100" it is no longer wholly soluble iu water. 
Kbncki founil that it is not precipitated from aqueous solu- 
tion by aleohol, bnt by picric acid, tanuic acid, aud mercuric 
chloride; that it does not give the xanthoproteid, but 
a give the Millon and the biuret reactions. According 
to ScHAFFBK it is changed by acids into peptone, and on 
being fiised with five parts of potash it breaks up into am- 
monia, amylamin, i)henol(0.15 jier wnt. of its weight), vale- 
rianic acid (38 per c(;nt.), leucine, and traces of indol and 

k skatol. A p rot*' id obtained from the yeast plant hiis the 
formula, C„H„N,0,. 
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The purified pyc^netic agent obtaiiiKl t'l'im tlv pnpii- 
iiionia iWillusot' Friedlandeb was fiiimd \>\ HCihner 
to give the following reactions : It is sohilile in water ;md 
the i-oneentrated mineral anids, very soluMe in ilihit<' alka- 
lies, from whieh it is preciiiitated on the iuVlition of an acid. 
From its aiineoiis solution, it is not |>nx'ipitafe<l liy heat, 
nor by saturation with sodium cliloriae, hut is precipitated 
by magnesium sulphate, copper sulphate;, platinum chloride, 
gold chloride, lead salts, picric atiid, tannic acid, and abeo- 
lut« alcohol. It gives the xanthoproteic!, Millon, and 
biuret rcaetions. 

Tfie Bacterial Proteida. — Bkiixier and FrInkel ob- 
tained the proteid poison of diphtlicria by precipitating 
the filtrate from a Chamberland filter aller mnccntnition 
to one-third its volume at 30°, witli absolute alcohol after 
feebly aeiditying with acetic acid. The precipitate was puri- 
fied by repeated solution in wafer and repreeipitation with 
alcohol. Dried in a vacuum at 40°, it fbrmH a snow-white, 
amorphous, very light mass. From its aqueous solution it 
is not precipitated by Iieat or dilute nitric acid, singly or 
combined, nor by sodium sulphate, sodium chloride, mag- 
nesium sidpliate, or lead salts. It is |>recipitated by car- 
bonic acid (to Bflturation), concentrate*! mineral otndB, 
potassium ferrocyanide and acetic acid, phenol, organic 
acida (soluble in excess), copper sulphate, silver nitrate, 
and mercuric chloride. The so-called alkaloidal rea^nts, 
phosphomolybdic acid, potasaio-mecuric iodide, potasaio 
biamut&ic iodide, platinum cliloride, gold chloride, and 
picric acid also cause precipitetion. The xanthoproteid, 
MiUon, and biuret reactions give positive results. An ulti- 
mate analysis furnishes the following figures computed 
from the ash-free substance ; 45.35, II 7.13, N 16.33, S 
1.39, O 29.80. From these fects Brieger and Frankel 
conclude that this suttstance is allied to serum-albumin. 
Their bouillon cultures contain serum-albumin, and they 
suppose that the bacteria convert this into the poison by 
causing a rearrangement in the atoms ; but the same poison 
was fornnnl when nutrient solutions containing no proteid 
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save iieptoiie were employed. In this rase they supjiose 
that tne bacteria reconvert the peptone into an albumin. 

The ]>oisonou8 proteids ontained by Brieoeb and 
FrInkel from cultures of the Eberth germ, the comma ' 
r bacillus, and the staphytora«?u8 aureus are practically in- ' 
I soluble in water, ana more nearly related to the globulins 
I than tim albumins, althouj^h they differ from the former 
I in their tardy and difficult solubility in dilute solutions uf ! 
I sodium chloride. 

The poisonous proteids istilated by VAuriHAN from cul- 

, tures of two specii-s of t^jxicogenic gtTnis found In drinking 

> water, supjiosed to be tlie (ttusc of lyjiimiil li'vvr, arc boIii- 

' hie in water, from which they arc not |)rn'i|iitati'l liy lx»il- 

, ing, or by conwntrattd nitric at-id, uv by botli. Potassinm 

ferroc^anide and acetic acid, sodimn sulpliate, magntsium 

sulphate, and carbonic acid also tail to precipitate them. 

' They &m precipitated by tlic geneml alkaloicMl reagents, 

I and respond to the xanthoproteid, Millou, and liiuret tests. 

They are precipitated by ammonium sulpliate when added 

I to saturation, and for tluH reason cHniiot be classtKl among 

the peptones. Neither l>eiizoyl chloride nor pheuyl-hydra- 

1 chloride precipitate them. Their jwisonoiia properties 

e destroyed by prolonged Iwiling or by being neated to 

I 80° for some hours, though they remain active after an 

exposure of ten rainntes to the last mentioned temperature. 

Of the three bacterial proteids obtained by the same ex- 

I periraenter from the baeilli x, a and A of Booker's b'st of 

L summer diarrhcea gei-ms, the first two are soluble in water, 

I while the other is not. So fiir as their behavior with pre- 

K.cipitating agents is concerned, the first two agree witli the 

I proteids of the water germs. 

Tiffiram and Cattani find that the proteid of cultures 
of their tetanus germ is rendered inert by precipitation with 
absolute alcohol. It is obtained by saturation with am- 
monium sulphate, and the removal of the salt by dialysis. 
Further description of the individual proteids will be 
given in subsequent chapters. 
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HISTORICAL (iKET(.II OF THE RACTKRIAL POISONS. 

It must have been knnwii to primitive man tliat t 
eating of putrid Uesh was liable to attect the health moi^i 
or les8 seriously ; and when he liegan liia endeavors t(^ 
preserve his food for fiirther use, instances of poisoning 
from putrefaction must have multiplied. However, the 
distinguished physiologist, Albert vos Halleb, seems 
to have been the first to nial<e any scientific experiments 
concerning the effects of putrid matter upon animals. He 
injected aqueous extracts of putrid material into the veins 
and foima tliat death resulted. Later in the eighteenth 
(icntury Moband gave an account of the symptoms in- 
duced by eating poisonous meat. In tlie early psirt of 
the present century (1808 to 1814) Gaspard rjirried on 
similar experiments. He use as material the putrid flesh 
of both carnivorous and herbivorous animals. With tliese 
he induced marked nervous disturbances, as stiffness of the 
limbs, opisthotonos, and tetanus. Gaspard concluded from 
the symptoms that the poisonous effects were not due to 
carbonic acid gas or hydrogen sulphide, but thought it 
possible that ammonia might have part in their produc- 
tion. In 1820 Kbbnbr published his first essay on poi- 
sonous saus^e, which was followed by a second in 1822. 
At first he thought that the poisonous properties were due 
to a fatty acid, similar to the sebacic of Thbnard, and 
which originated during putrefaction. Later he modified 
these views, and believed the poison to be a compound con- 
sisting of the sebacic acid and a volatile principle. This may 
be r^anled as the first suggestion as to the probability of 
the de\elopment of a poisonous substance with basic prop- 
ertiis m deconiposmg matter In 1822, Ddpbb observed 
d pe<ulut disease among the sohliers luidcr his care, who, j 
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during the warm and dry summer nf thiit year, were 
compcUwI U} drink very fwiil water. Iiater Magendib, 
induced by the iovestigationa of Gaspakd and the ohser- 
vatifins of Dupre, made many experiments, in which dogs 
and other animals were eonnned over veaselB containing 
putrid animal matter and compelled constantly to breathe 
the emanations therefrom. The effi^cts varied markedly 
with the species of animal and the nature of the putrid 
nmterial, but in some iuRtances symptoms were induced , 
which resembled closely those of typhoid lever in man, 
Leitrbt directed his attention to the eliemical ehaufp'S 
produced in blood by ptitrefaotion, biit luxrouijiiished notli- 
ing of special vahie. DrpUY injeeted putrid material into 
the jugular vein of a horse, ami witli Thousseau studied 
alterations produced in the blooil by these injections, 

During the third decade of the present eentury tliore ' 
were many investigators in addition to tliose mentioned | 
abovOj who enikavored to ascertain the active ^ent in | 
poisonous foods. Dann, Weiss, BOcuneb, Schumann, 
Cadet de Gassicoubt, and Orfila studied poisououa 
sausage, but made no advance upon the work done by 
Kerneb. Hrnnbman, HtJNNEPBi.D, Wbstrumb, and 
Serturnbr made contributions eoncerning poisonous 
cheise, but all believed the caseic acid of Kerneb to I 
be the poisonous principle. 

In 1850 Schmidt, of Dorpat, made some investigatiouB I 
on the decomposition producte and volatile sul^tances ' 
found in cholera stools ; and, two years later, Meyer, of 
Berlin, injected the blood and atools of cholera, patients 
into lower animals. In 1853 SricH made an important 
contribution on the effects of acute poisoning with putrid 
material. He ascertained that, when given in sufficient , 
quantity, putrid matter produces an intestinal f^tarrli, with j 
dioleraic stools. Nervous symptoms, trembling, unsteady 
gait, and, finally, convulsions were also observed. Stich 
made careful post-mortem examinations, and was unable 
to find any characteristic or important lesions. Theo- 
retically, he concluded that the putrid material contained 
a ferment \vhieh produced rapid decomj^iosition of the blood. 
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In 1856 Panum piiblishwl a nioHt iriiporliinl i-ontrilm- 
tion to the knowledge of the nature of thr |H>iM.n |irisi-iit 
in putrid fleeh. He first denionstnili'il (losiiivilv the 
chemical character of the iMtison, inasiiiiifh -Mi liu dhuwLil 
that the aqueotig extrart of the putrid nmt^^riiil retained 
its poisonous properties aft^T treatiucnt whieh would insure 
the destrnrtion of all organignis. His i-onclusions were as 
follows : 

(1) "The putrid poison contained in tht; decomposed 
flesh of the dog, and wiiich is obtained by extniction with 
distilled water and repeated filtration, is not volatile, but 
fixed. It does not i>a8S over on distillation, but remains in 
the retort. 

(2) " The putrid poison is not destrovLil Ity Iniling, nor 
by evaporation. It preserves its poisonous properties even 
after the Ixtiling has l>«ai coutinueil for eleven hours, and 
after the evaporation has been carried to complete desicca- 
tion at 100°. 

(3) " Tlie putrid poison is insoluble in absolute alcoi 
but is soluble in water, and is conbvined in the aqueous 
trat-t which is formed by treating with distilled water thft 
putrid material which has previously lieen dried by heat 
and washed with alcohol. 

(4) " The albuminoid substances which frequently are 
found in pntrid fluids are not in themselves poisonous only 
BO feras they contain the putrid poison fixed and condensed 
upon their surfaces, from which it can be removed by 
repeated and careful washing. 

(5) "The intensity of the putrid poison is comparable 
to that of the venom of serpents, of curare, and of certain 
vegetable alkaloids, inasmuch as 0.012 of a gramme of the 
poison, obtained by extracting with distilled water putrid 
material which had been previously boiled for a long time, 
dried at 100°, and submitted to the action of absolute 
alcohol, was sufficient almost to kill a small dog." 

Pancm made intravenous injections with this poison, and 
with ammonium earlionate, ammonium biityrate, ammo- 
nium vaierianatf, tyntsine, and leucine, and found that the 
symptoms indu(.x.il by thf- putrid jioison differed from those 
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caused by the other agents. Moreover, lie foiiud the Hymp- 
toms to differ from those of typhoid fever, eholera, pyjemia, 
anthrax, and sausage poisoning. He was ako in doubt as to 
whether the poison acted direotly upon the nervous syeteni, 
or whether it aeted as a ferment upon the blood, causing , 
decomposition, the products of which affected the nerve- 
eentres ; but he was sure that it <»uJd not correspond to 
the ordinary ferments, inasmuoli as it was not decomposed 
by prolonged boiling nor by treatment with absolute alcohol. 
Certainly, the putrid poison could not consist of a living 
organism. 

The symptoms observed by Panum variwl greatly with 
the quantity of th« poison used ancl the strength of the 
animal. Attur the intravenoiiH injection of large doses, 
death followed in a very short time. In these cases there 
were violent crampa, and involuntary evacuations of the 
urinis and f«*s; this nspir.itions were laimred, the pallor 
was marked, somutinica followed by tyanosis, the pulse 
feeble, the pupils witlcly dilatt-tl, and the eyes projecting. , 
In tliese oases the autopsy did not reveal any lesion, save 
that the blood was dark, imperfectly coagulated and slightly 
infiltrated through the tissue. Post-mortem putrefaction 
came on with extraordinary rapidity. 

When smaller doses or more vigorous animals were used, 
the symptoms did not appear before from a quarter of an 
hour to two hours, and sometimes even later. In these 
cases the symptoms were less violent, and the animal gen- 
erally recovered. In all instances, however, the disturbances 
were more or less marked. 

In addition to the " putrid poison," Panum obtained a 
narcotic substance, the two being separated iiy the solubility 
of the narcotic in alcohol. The alcoholic extract was evap- 
orated to dryness, the residue dissolved in water and injected 
into the jugular vein of a dog. The animal fell into a deep 
sleep, which remained unbroken tor twenty-foiir hours, 
wh^ it awoke apparently in perfect healtli. 

Pandm'b first contributions, which were published in 
Danish, did not attract the attention whicii they deserved, 
until ail«!r tlie la^jse of several years. Now, however, their 
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Weber, in isii4, ami llK\[Mh;K and >K']iw>;NSiNiiEii 
in 1866, wmfiriiiiHl tliu rusiiltw ulihiiuwi l.j-rANUM; ami 
SCHWENMINGEH auiioiiUMtt tliat ill tiie various titagifi of 
putrefaction different prtxluds are ibrmed, ami that these 
vary in tlieir cfl'eetH it[»on animals. In 18(j6, Bencb 
Jones and Ddpre obtaintxl from tlie liver a substanee 
which in sijliitions of dilute sulphuric iieid gives the blue 
fluoreseenL* observed in similar soliitionn of quinine. To 
tiiis suhstaniK they gave the name " animal ehiunidine." 
Subsequently, the same investigators iound this substam* 
in all oi^is and tissues of the Ixxly, but must abundantly 
in the nerves. Its feebly a^id solutions give pre^'ipitates 
with iodine, potassio-mercurie iodide, pho3plio-molylnlic 
acid, gold chlori<le, and platinum chloride. From three 
pounds of sheep's liver, tney obtained three grammes of a 
solution in which, after slight aiddulation with sulphuric 
acid, the intensity of the fluorescence was al)out tlie same 
as that of a similarly aeidulatal solutiou of quiaiue sidphate 
which luntnined 0.2 gramme of quinine iM;r litre. Still 
lat<.T, tiiia base was obtained by Makiho-Zcco. 

In lfi68, Berqmamn and Schmiedebekq separated, 
first from putrid yeast, and subsequently from doeomitosed 
blood, in the form of a sulphate, a poisonous substance 
which they named sepsine. The sulphate of sepsine forms 
in needle-shaped crystals. Small doses (0.01 gramme) of 
this substance were dissolved in water and injected into the 
veins of two dc^s. In a short time it produced vomiting, 
and later diarrhtea, which, in one of tlie animals, alW a 
time, became bloody. Post-mortem examination showed, 
in the stomach and intestines, bloody ecchymoses. It was 
now believed that the " putrid poison " of Pahcm had liecn 
isolated, and that it was identical with sepsine, but further 
investigations showed that this M-as not true, There are 
marked differences in their effects upon animals, and sepsine 
has not been found to be generally present in putrid ma- 
terial. It is only rarely found in blood, and the closest 
search has failed to show its pn'sence in pus. Bekgmann, 
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following the same methixl which he had used iu fxtraeting 
this poiHOQ from yeast, has been unable to obtain it from 
other putrid material. Moi-eover, he was not always sue- 
eeasful in obtaining the poison from yeast. Sepsine was 
not obtained in quantity sufficient to serve for an ultimate 
analysts, henee, its composition remains unknown. 

In 186!) ZllLZEH and Sonnenhchein prepared from 
decomposed meat extraete a nitrr^nous base, whieh in its 
chemical reactions and phvaioli^eal effects reHcmliled atro- 
pine and hyosc^'aminc. Wlicn injected under the skin of 
animals it proiluced dilatation of tlie pupils, pariilysis of 
the muscles of the intestines, and acceleration of the hiMrt- 
beat ; hut it is imcertain and inconstant in its iietion. This 
probably results from rapid decomposition taking plaet in 
it, or to variations in its comptsition at different stages of 
putrefaction. This substance has also been obtained from 
the bodies of those who have died from tj-phoid fever, and 
it may be possible that the liclladonna-like delirium which 
fi*qnently eharactcrizes the later stages of this disLBse is 
doe to the antfr-mort^m generation of this poison within 
the body. 

Sinee 1870 many chemists have been engaged in making 
investigations on the producta of putrefaction. We can 
only mention a few names at jiresent, while others will be 
referred to subsequently in discussing the individual pto- 
maines. 

First of all stands the Italian Selmi, who suggested the 
name ptomaine, and whose researches fiirnisheil us with 
mach information of value, and, what is proljably of more 
importance, gave an impetus to the study of the chemiBtry 
of putrefaction, which has already been productive of much 
good and gives promise of much more in the fiiture. Selmi 
showed that ptomaYues could be obtained (1) by extracting 
acidified solutions of putrid nmterial with ether ; (2) by 
extracting alkaline solutions witli ether; (3) by extracting 
alkaline solutions witli chloroform ; (4) by extracting with 
amylic alcohol ; and (5) that there yet remained in the soln- 
tiona of putrid matter ptomaines which were not estracted 
by any of the above-mentioned reagents. In tliis way be 
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gave Bonie idea of the great nunilwr nl' alkalnidal bodies 
which might be formed among the prodnt-ta of putrefaction, 
and the promising field thus discovered and outlined was 
soon occupied hy a buay host of chemists. In the serond 
place, he demonstrated the fact that many of the ptomaines 
give reactions similar to those given by the vegetable alka- 
loids. This led the toxitwlogist into investigations, the 
residts of some of which we wHU ascertain ftirther on. 

Selmi, however, did not succeed in isolating completely 
a single putrefa*'tive alkaloid. All his work was done with 
extracts. He remained ignorant, except in a general way, 
of the composition of these bodies. Nbscki, in 1876, 
made the first ultimate analysis and determined the first 
formula of a ptomaine. This was an isomer of coUodine, 
which will he distxibed later. 

iWiESCH and Fassbendeb, in a case of suspected poison- 
ing, obtained by the Sta8-()tto method a liquid which 
could he extracted from acid as well as alkaline solutions 
by ether, and which gave all the genenil alkaloidal reac- 
tions. They were unable to crystallize either extract by 
taking it up with alcohol and evaponiting. The colorless 
aqueous solution wati not at all bitter to the taste. The 
precipitate formed with phospho-molybdic acid dissolved OTi 
the application of heat, giving a green solution, which 
became bine on the addition of ammonia. Tliey believed 
that this Bubstan(« was derived Irom the liver, since fresh 
ox-liver, treated in the same manner, gave them an alkaloid 
which could be extracted with ether from acid as well as 
Irom alkaline solutions. Gunninq found this same alka- 
loid in liver-sausage from which ^raisoning had occurred. 
RoRSCH and FASSBENDBa state ^at while in some of its 
reactions tliis substance resembles digitaline, it is distin- 
guished fn>m this v^:etable alkaloid by the failure of the 
ptomaine to give the characteristic bitter taste. 

ScawANEHT, whilst examining the decomposing intts- 
tines, liver, and spleen of a child which had died suddenly, 
pcrceiveil a iieculiar odor and obtained hy the Stas-Otto 
method (ether extract frrim an alkaline solution) small 
quantities of a base, which was distinguished from nicotine 
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1 coniine by its ^;reater volatility and its pwiiliar odor. 
He supposed that this suljetance was prodiuied by dewim- 
position, and, ia order to ascertain the tnith of his suppo- 
sition, he took the organs of a eadav<!r that liad Iain for 
-sixt«ai days at a temijerature of 30" and wa.^^ wiOl dc'cuiii- 
posed. These were treated with tartaric acitl aii'l alrnhul. 
The aoid solution was first extracted with ether', ami v-ickkil 
no result; it was then rendered alkaline and extracted 
witii ether. The latter estra<^t gave, on evaporation, the 
same fiubstan(« which he had found in the organs of the 
child. The residue was a yellowish oil, having an odor 
somewhat similar to propylamine. It was repulsive, but 
not hitter to the tiiste, and alkaline in reaction. On tiie 
addition of hydrochloric acid, it crystallized in white needles, 
which were freely soluble in water, but soluble with diffi- 
culty in alcohol. On the addition of ammonium hydrate 
to tliia crystalline substance, a white vapor of unpleasant 
odor was given off. The crj-stals dissolved in sulphuric acid, 
forming a solution which was at first «>lor]ess, but which 
gradually became dirty brownish -yellow, and grayish- 
brown on the application of heat. On being warmed with 
sodium molybdate, a splendid blue color, becoming gradu- 
ally gray, was produced. Potassium bichromate and sul- 
phuric acid gave a reddish-brown, then a grass-green color. 
Nitric add gave a yellow color. A tartaric acid solution 
of the crystals produced, on the addition of platinum chlo- 
ride, a dirty yellow precipitate of small eix-aided stars, 
which contained 31.55 per cent, of platinum. Gold chlo- 
ride gave a pale yellow, amoqjhous precipitate ; mercuric 
chloride yielded white crystals ; potass io-mercuric iodide a 
dirty-white precipitate ; and pota8sio-ca<lmic iodide yielded 
, no reaidt. lannic acid produced only a turbidity. Sodium 
I phospho-molybdate gave a yellow, flocculeut precipitate, 
which became blue on the addition of ammonium hydrate. 
This base has a slight reducing power, and in this it 
resembles a substance obtained by Selmi, but it ditfers 
&om Sblmi's extract inasmuch as it does not give a violet 
coloration on being warmed with sulphuric acid. In its 
amorphous character, its behavior to the general alkaloidai 
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rtageiite, and its lack of bitor taste, it reeemblea the 
obtained l>y Kursoh and Fassbendeb, but, unlike tbat 
alkaloid, it is cxtntctabie iVoni alkaline solutions only. 

Selui, in commenting upon the base studied by ItoRSCH 
and Fassbender, Schwanert, and himself, believinji; 
that all were ilealing with the same body, states that it 
does not contain phosphorus, and that it is separated with 
extreme difficulty from the v^etable alkaloids. 

LiEBERMANS, in examining the somewhat detwmposed 
stomach and intestines in a ease of siispeitod poisoning, 
ibuntl an alkaloidal body which was unlike that studied by 
the chemists mentionwi alMive, inasmuch as it was not vola- 
tile. The Stas-Otto method was employed. The ether 
extract from alkaUne solution leit, on evaporation, a brown- 
ish, resinous mass, which dissolved in wat^r to a turbid 
solution, the cloudiness increasing on heatin^. This reac- 
tion agrees with coniine, but the odor differed from that of 
the vegetable alkaloid. The aqueous, strongly all 
solution gave the following reactions : 

(1) With tannic acid, a white precipitate. 

(2) With potaasium iodide, a yellowish-brown, tumi 
to dark-brown precipitate. 

f3) With chlorine water, a marked white cloudiness. 
(4J With phospho-molylKlic acid, a yellow precipitate.- 

(5) With potassio-mercuric iodide, a white precipitate 

(6) With mercuric chloride, a white cloudiuess. 

(7) With concentrated sulphuric acid, after a whiles' 
re^ldish-violet (x>loration. 

(8) With concentrated nitric acid, after evaporation, a 
yellowish spot. 

These rea<*ioiis exclude all vegetable alkaloids save 
coniine. The putre&ctive alkaloid does not distil when 
heated on the oil-bath to 200°, while coniine distils at 
136°, The former is with certainty diatinguialied from 
coniine by its non-poisonous properties. 

This sulratance is extracted by ctlier from acid, as well 
as from alkaline solutions. The yellow, oily drops ob- 
tiiinetl after the evaporation of tlie ether arc solubli 
alcohol. The taste is slightly Inirning. 
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^^Hi obtaiiifd from botli putrefying and frtsih intes- 
tines a substance which gave me general alkaloidal reac- 
tions with potassium iodide, gold chloride, platinum cldo- 
ride, potassio-mercurie iodide, and phospho-molybdic acid. 
It has strong reducing power, and when warmed with 
sulphuric acid gives a. violet coloration. These reactions 
are not due to leucine, tyrosine, creatine, or creatinine. 
This is the substance wliie.h, as has been statal, Selmi con- 
sidered identical with that observed by RiJHaCH and Fass- 
BFiNDBR and ScHWANEKT. The minor dilferenees observed 
hv the different chemists may have hecai due to the va.rying 
degrees of purity in which the Buijstance was olitainetl by 
them. 

From human bodies which hatl been dead from one to 
ten months, Selmi removed many alkaline bases. From 
an ether solution of a number of these, one was removed 
by treatment with carbonic acid gas. One base which was 
insoluble in ether, but readily soluble in aniylic alcohol, 
was found to be a violent poison, producing in rabbits 
tetanus, marked dilatation of the pupils, paralysis, and 
deatli. 

Parts of a human Ixnly preserved in alcoh()l were found 
by Selmi to yield an easily volatile, phosphorus-twntaining 
su!»stance, which is soluble in ether and <airbon disulphide, 
and gives a brown precipitate with silver nitrate. It is 
not tiie phosphide of hydrogen, A similar substance is 
produced by the slow decomposition of the yolks of ejj^s. 
With potassium hydrate it gives off ammonia and yields a 
Bul)stance having an intense coniine o<lor. It is volatile 
and reduces phosphomolybdie aci<l. 

Sblui also obtained from decomposing egg-albumin a 
i)ody, whose chloride forma in needles, and which has a 
curare-like action on frt^s. From one arsenical body wlitch 
had been buried for fourteen days, he obtained, by extract- 
ing fi<om an alkaline (made alkaline with baryta) solution 
■Wi^ ether, a substance which formed in needles and which 
gave crystalline salts with acids. With sulphuric acid it 
gave a reel color; with iodic acid and sulphuric acid it 
liberated free iodiuc ami gave a violet culoriitiun; with 
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nitric acid it gave a lM>;iiitil'iil vrllnw, which ilL><']>eii^ on 
the addition of t-aiistic |ii'liisli. I'lntiumo cliloride gave no 
precipitate save in liigiily .■(un'ciitraliil si)liiti<)np. From a 
secoml ai-seniral body, Helsii olitiiined liy the same incthoH 
a Biibstanne which gave, with tannic arid, a white precipi- 
tate ; with io<line in hydriwiic tu:id a kermes-brown ; with 
gold chloride a vl'Uow, whii-h was soon reduced ; with 
mercuric chloride a white; with picric acid, a yellow, 
which gradually formed in crystalline tablets." This suh- 
Btance did not contain any arsenic, bnt was highly poi- 
sonous. From the 8t4)ma<^ of a ln^, which had b^'cn pre- 
served in a solution of arsenious acid, Selmi separate*! an 
arsenical organic base. The fluid was distilled in a current 
of hydrogen. The distillate, which was found to l>e strongly 
alkaJine, was nentraliaed with hydrochloric acid and evapo- 
rate to dryness, when cross-shaped crystals, giving an odor 
similar to that of trimethylaraine, were obtained. This sub- 
stance was found by CiACCiA to be highly poisonous, pro- 
ducing strychnia-like symptoms. With iodine in hydriodic 
acid it is said to give a gray, crystalline precipitate. 

From the liquid which remained in the rt^ort, a ncm- 
volatile arseniuil ptDmaino was esfcratrted with ether. An 
aqueous solution of this gave with tannic aci<I a slowly 
forming, yellowish precipitate, and similarly I'olorctl pn- 
cipitetes with iodine in hydriodic acid, platinum chloride, 
auric chloride, mercurie chloride, potass io-mcrcurii; iodide, 
potassio-bismuthie iodide, picric ai;id, and pottissium bi- 
chromate. The physiological action of this substance as 
demonstrated on frogs was unlike that of the arsints, but 
c«nsistcd of torpor and paralysis. 

MoRiGGiA and Battistini ex|)erimeutcd mth alkaloids, 
obtained from decomposing bodies, upon guinea-pigs and 
frogs, but did not attempt their isolation tteeause of the 
rapid decomposition which they undergo when exposed to 
the air and by which they lose their poisonous properties. 
These alkaloids they found to be easily soluble in amylie 
alcohol, less soluble in ether. 

In 1S71 LoMBRoso showed tiiat the extract from mouldy 

m-mcid produtwl tetanic convulsions in animals. This 
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threw some light upon the cases of sporadic ilhiesa which 
had long been known to occur among the peasants of Lom- 
hardy, who eat fermented and mouldy com-meal. In 1876 
Brugnatelli and Zenoni obtained by the Stas-Otto 
method from this mouldy meal an alkaloidal substance 
which was white, non-crystalline, unstable, and insoluble 
in water, but readily soluble in alcohol and etlier. With 
sulphuric acid and bichromate of potassium it yields a 
color reaction very similar to that of strychnine. 

Tlie action of the ether extracts from decomposed brain 
resembles that of curare, but is less marked and more 
transitory. The beats of the frog's heart were decreased in 
number and strengthened in force; the nerves and the 
muscles lost their irritability, and the animal passed into 
a condition of complete torpor. The pupils were dilated. 
GoAEESCHi and Mosso, using the STAe-OTTO method, 
obtained from human brains which had been allowed to 
decompose at a temperature of from 10° to 15" for from 
one to two months, both volatile and non-volatile bases. 
Among the former only ammonia and trimetliylaniiue were 
in sufficient quantity for identifimtioii. Witli tlit-ae, how- 
ever, were minute traces of ptomaines. 

They obtained uon-volatile Iwsea from both acid and 
alkaline solutions. From the former tliey separated a sub- 
stance which gave precipitates with gold chloride, phospho- 
tnngstic a«id, phospho-molybdic acid, Mayer's reagent, 
palladium cliloride, piiTtc at^id, iodine in potassium iodide, 
and slightly with tannic iwid. This snbstanc* was not 
predpitated with platinum or mitifury. 

From the alkaline extract there was obtained a substance 
which in dilute hydrochloric add solutions gave with gold 
chloride a heavy yellow prec;ipitate with reducTtion, also 
prticipttates with phospho-molybdic acid, platinum chloride, 
Mayes's reagent, picric acid, phospho-tungatic acid, 
Mabhb'b reagent, iodine in potassium iodide, tannin, bi- 
chromate of ^MtaBStum, palladium chloride, and mercuric 
chloride. It reduces ferric salts. From decomposed fibrin 
the same invistigiitors ol>1aiiiefl one well-<lt'fined ptomaine. 
Analyses uf the platinum conipniinil of this suIihUlikv gave 
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the formula C,„H„N, This Hulwtanfe will be disc 
a fiitiire oliapter. 

From fresh brain substance they separated ammonia, 
trimethylamine, and an undetermined Iwse. These, how- 
ever, are not to be regarded as pro<lude of putrefartion, 
but as resulting from the action of the reagents upon the 
brain substance. The trimethylamine probably arises from 
the splitting up of lecithin, while the undetermined base 
is most likely elioliue, which also results from the breaking 
up of the lecithin molecule. 

They also show tiiat when Dragendohff's metlnxl is 
used basic Bultstanccs can \m obtained from ft-esh meat, and 
these are shown to be pnxluced by the action of the sul- 
phuric acid on the flesh. 

To Bhieggr, of Berlin, is due the credit of isolating 
and determining the com|K)sition of a nimibcr of ptomaines. 
From putrid flesh he obtained ncuridine, CjHi^Nj, and 
neurine, CjHjjNO. The former is inert, while the latter is 
poisonous. From decomposed fish he separated a poisonous 
base, CjHj(NHj)j, which is an isomeride of ethylenedi amine, 
muscarine, C^HuNOj, and an inert substance, CjH,jNO^ 
gadtuine. Rotten cheese yielded neuridine and trimethyla- 
mine. Decomposwi glue gave neiiridine, dimethylamine, 
. and a muscarine-like base. In the cadaver, he lias found 
in different stages of decomposition, choline, neuridine, tri- 
methylamine, (adaverine, CsH,,!^,, putreacine, C^Hi^Nj, and 
saprine, CjH,gNj, These are all inert. After fourteen 
days of decomposition he found a poisonous substance, 
mydaleine. From a cadaver which had been kept at 
from — 9° to + 5° for four montlis, Brieger ob^ined 
mydine, C'gH„NO, the poisonous substance mydatoxine, 
CjHyNOj, also the poison methyl-guanidine. From 
jwiaonous mussel he separated mytilotoxine, CjH,jNO,. 
From pure cultiu-ea of the t^'phoid Imcilliis of Koch and 
Eberth, Brieoer obtained a poison, typliotoxine, and, 
from like cultures of the tetanus germ of Rosenbach, 
tetaniue. All of these bases will Ix' disiinssed in detail in 
a siileetjuent chapter. 
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Gautier and Etard have al5«> is«>lated ptoniaint^ wliieh 
will be described later. 

In 1885, Vaughax suceeeded in isolating an at^ivo 
agent from poisonoos cheese, to which he gave the naiue 
tyrotoxicon. This diseoven' has been confirmed by New- 
ton, Wallace, Schaffer, Stanton, Firth, Ladd, 
Wolff, Kimura, Dayis, and Kixxicutt. 

Nicati and Rietsch, Koch, and others, have shown 
the presence of a poisonous substance in cultures of the 
cholera bacillus. Salmon and Smith have done the same 
with cultures of the swine-plague germ ; Hoffa, with those 
of the anthrax bacillus ; and Brieger with those of the 
tetanus germ. 

In 1888, Christmas olxtained from cultures of the 
staphylococcus pyogenes aureus a proteid which, when in- 
jected into the anterior chamber of the eye or under the 
skin, causes suppuration. 

In 1889, Hankin isolated from cultures of the l^acillus 
anthracis a poisonous albumose, which, when employeil in 
large doses, proves fatal, and in small doses gives immunity. 

In 1888, Roux and Yersin showed that the chemicjil 
poison of Loffler's diphtheria bacillus is a proteid body 
which they believed to be of the nature of a terment. In 
1890, this work was continued by Brieger and Frankel 
in their memorable contribution on bacterial poisons, in 
which they detail the methods by which they isolate their 
"toxalbumins" from cultures of the Loffler bacillus, 
the anthrax bacillus, Eberth's germ, the cholera vibrio, 
and the staphylococcus pyogenes aureus. Martin made a 
more detailed study of the albumoses of anthrax. Vaughan 
reported poisonous proteids in cultures of two toxicogenic 
germs iToimd in drinking-water, also in cultures of three of 
Booker's summer diarrhoea germs and in poisonous cha^^ 
NovY and Schweinitz found both basic and proteid 
poisons in cultures of the swine-plague bacillus. 

Many other contributions have been made, many of 
which will be mentioned in subsequent chapters. 



CHAPTER III. 



FOODS CONTAINING liALTKRIAL l-OISONS. 



Poisonous Mussels, — .Judgiug from the symptoms 
produL-ed, tliere seem to be three different kinds of poison- 
ous mussel. In one t-Iass, the symptoms resemble those of 
a true gastro-intestinal irritant. Fodere reports the case of 
a sailor, who, after eating a large dish of mussels, suffered 
from nausea, vomiting, pain in the stomach, tenesmus, and 
rapid pulse. After death, which occurred within two days, 
the stomach and intestines were found inflamed and filled 
with a tenacious mucus. Combe and others also report 
cases of the choleraic form of poisoning from mussel. 

However, the symptoms which most frequently manifest 
themselves after the eating of poisonous mussels are more 
purely nervous. A senaatiou of heat and itching apjiears 
usually in the eyelids, and soon involves tlie whole face, 
and perhaps a large portion of the body. An eruption, 
usually called nettle-rash, though it may be papular or 
vesicular, covers the parts. The itching is most annoying, 
and may be accompanied by marked swelling. There 
follows a distressing asthmatic breathing, whicli is relieved 
by ether. In some cases reportal by Mohking, dyspuoaa 
preceded the eruption, the patients became inseDsible, the 
face livid, aud convulsive movements of the extremities 
were noticed. Burbow reports similar cases with delirium, 
convulsions, coma, and death within three days. 

In a third class of cases, there may be a kind of intoxi- 
cation resembling somewhat that of alcohol, then jraralysis, 
coma, and death. 

In 1827, Combe observed thirty persons poisoned, two 
of them fatally, with mussels. He describes the symptoms 
as follows : " None, so far as I know, (Miniplained of any- 
thing peculiar in the smell or taste of the animals, and 
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none suffered iinniediately after taking them. In general, 
an hour or two elapsed, sometimes more; and the had 
effects consisted rather in uneasy feelings and debility thau 
in auy distress referable to the stomach. Some children 
suffered from eating only two or three ; and it will be re- 
membered that Robertson, a young and healthy man, only 
look five or six. In two or three hours they complained 
of a slight tension at the stomach. One or two had eardi- 
algia, nausea, and vomiting; but these were not geueral or 
lasting symptoms. They then complained of a prickly feel- 
ing in their hands, heat aud constriction of the mouth and 
throat; difficulty ofswallowing and speaking freely; numb- 
ness about the month, gradually extending to the arms, with 
great debility of the Dmbs. The degree of muscular de- 
bility varied a good deal, but was an iuvariable aymptora. 
In some it merely prevented them from walking firmly, 
but in most of them it amounted to perfect inability to 
stand. AVhile in bed they could move their limbs with 
tolerable freedom, but on being raiseii to the peipeudicnlar 
postui-e they fell their limbs sink under them. Some com- 
plained of a bad, coppery taste in the mouth, but in general 
this was in answer to what lawyers caU a leading qucBtion. 
There was slight pain of the abdomen, increased on prea- 
sare, particularly in the region of the bladder, which organ 
suffered variously in its functions. In some the secretion 
of urine was suspended, in others it was free, but passed 
with pain and great effort. The action of the heart was 
feeble; the breathing unaffected ; the face pale, expressive 
of much anxiety ; the surface rather cold ; the mental 
&culties unimpaired. Unluckily, the two fatal cases were 
not seen by any medical person ; and we are, therefore, 
unable to state minutely the train of symptoms. We ascer- 
tained that the woman, in whose house were five sufferers, 
went away as in a gentle sleep, and that a. few moments 
before death she had spoken aud swallowed." 

The woman died within three horn's, aud the other death 
was that of a watchman, who was found dead in his box 
'x or seven hours after he had eaten the mussels. Post- 
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mortem esaminatiou io these showed no abnormality. The 
stomach contained some of the food [mrtiaily digested. 

The explorer VANtOlA'BR reports four cases similar to 
those observed by Combe. One of the sailors died in five 
and a half hours after eating the mussels. 

In some recent cases reported by Schmidtmann, as 
quoted by BniEiiEii, the symptoms were as follows : Some 
dock hands and their families ate of cooked blue mussels 
which had been taken ut«r a newly built dock. The 
symptoms appeai'ed, according to the amount eaten, from 
soon after eating to several hours later. Tiiere was a sen- 
sation of constriction in the throat, mouth, and lips; the 
teeth were set on edge, as though sour apples had been 
eateu. There was dizziness, no headache ; a sensation of 
flying, and an intoxication siiniJar to that produced by 
alcohol. The pulse was hard, rapid (eighty to ninety), no 
elevation of temperature, the piipds dilated and reaction- 
less. Speech was dilHciilt, broken, and jerky. The limbs 
felt heavy ; the liands grasped spasmodically at objects and 
missed their aim. The legs were no longer able to support 
the body, and the knees knocked together. There was 
nausea, vomiting, no abdominal pain, no diarrhosa. The 
hands became numb and the feet cold. The senaatiuu of 
cold soon extended over the entire Uidy, and in some the 
perspiration flowed freely. There was a feeling of suli'uca- 
tiou, then a restful and dreamless sleep. One person died 
in one and three-quarters of an hour, another in three and 
one-half hours, and a thin! in five hours, after catiug of 
the mussels. 

In one of these fatal cases rigor inortis was marked and 
remained for twenty-four hours. The vessels of all the 
organs were distended, only the heart was empty. ViR- 
cnoiF concluded from the conditions observed that the 
blood had absorl)Gd oxygen with great avidity. There was 
marked hypenemia and swelling of the mucous membrane 
of the stomach and intestines, which Virchow pronounced 
an enteritis. The spleen was enormously enlarged and the 
liver showed numerous hemorrhagic in&rctious. 

Many theories have been advanced to account fur poison- 
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V)iis musBeis. It was formerly believed that the effects were 
due to copfiec which the animiiJa obtaiued from the bottoms 
of vessels; but, as Ciiristison remarks, copper does not 
produce these symptoms. Moreover, Christison made 
analysis of the mussels which prodiiced the symptoms ob- 
served by CoMBB, and was unable to detect any copper. 
BoucHARDAT fouud copper in some poisonous mussels, but 
he does not stats the amount of the copper nor the source 
of the animals. 

Edwards advanced the theory that the symiitoms were 
wholly due to idiosyncrasy in the consumer. This may be 
true in some instances where only one or two of those par- 
taking of the food are affected, but it certainly ia not a 
tenable liypothesis in such instances as those reported by 
Combe and Scumidtmann, where a large number or all 
those who partook of the food wert^ affected. 

Coldstream found the livers of the Leith mussels, as 
he thought, larger, darker, aud more brittle than normal, 
and to this diseased condition he attributed the ill eflects. 

Lamoroux, MoHRiNo, DE Beume, Chenu, and du 
Rondeau have supposed that the poisonous effects were 
due to a particular species of medusue ujxin which the mus- 
sels feed. De Beume found in the vomited mutter of one 
Eerson, sufiering from mussel poisouing, some medusa), and 
e states that these are most abundant during the summer, 
when mussels are most frequently found to be poisonous. 

The theory of Buhuow that the animal is always poison- 
ous during the period of reproduction has been received 
with considerable credit. However, cases of poisouing have 
occurred at different seasons of the year. 

Chumpe, in 1872, su^ested that there is a species of 
mussel which is in and of itself poisonous, and this species 
is oflen mixed with the edible variety. Schmidtmank and 
ViRCHOW support this idea. They state that the poisonous 
species has a brighter shell, a sweeter, more penetrating, 
Douillon-like odor than the edible kind, also that the flesh 
of the former is yellow aud that the water in which tliey 
are cooked is bluish. Lohmeyer also champions this 
opinion. This theory, however, is opposed by the majoiity 
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of zoolo^riHttt. MuBius States that the peculiai'itifs of the 
supposed poiaoLous variety pointed out by Virchow and 
ScHMiDTMANN are really due to the conditions under which 
tie animal lives, the amount of salt in the water, the tem- 
perature of the water, whether it is moving or still water, 
the nature of the bottom, etc. Finally, Mobids states that 
the sexual glands, which form the greater part of the 
mantle, are while in the male and yellow in the female. 
However, it has been shown later by Schmidtmann and 
Virchow that edible mussels may become poisonous if left 
in filthy water for fourteen days or longer, and, on the 
other hand, poisonous ones may become fit for food if kept 
for foiu" weeks in good water. 

Cats and dogs \vhich have eaten voluntarily of poisonous 
mussels have suffered from symptoms similar to those ob- 
served lu man ; and rabbits have been poisoned by the 
administration of the water in which the food has been 
cooked. A rabbit which was treated in this manner by 
Schmidtmann died within one minute. From these 
mussels Brieoer extracted the ptomaine mytilotoxine, 
which will be discussed in a subs equ ent chapter. This 
poison has a cnrare-like action. Whether or not those 
mussels which produce other symptoms also contain pto- 
maines, remains for future investigations to determine. 

In 1887 three other cases of mussel poisoning, one fatal 
case, occurred at Wiihelmshaven, the place which supplied 
Briegeb with the mussels from which he obtained mytilo- 
toxine. Schmiqt&iann has found that non-poisonous 
mussels placed in the waters of this bay soon become poi- 
sonous, and that the poisonous mussels from the bay placed 
in the open sea soon lose their poisonous properties. Lis- 
DER has found iu the water of the bay and in the mussels 
living in it a great variety of protozoa, amteba, bacteria, 
and other lower organisms, which are not found in the 
water of the open sea nor in the non-poisouous mussel. He 
has also found that, if the water of the bay be filtered, non- 
poisonous mussels in it do not become jwisonons. He 
therefore concludes that poisonous mussels are those which 
are suiferiog from disease due to residence in filthy water. 
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Bbieoer has tested dead and decomposed mussels taken 
from the open sea for mytilotoxine, with negative results. 

Poisonous Oysters and Eels. — Pahquier reported 
cases of poisouing at Havre from the eating of oysters 
taken from an artificial bed which had been established 
near the outlet of a draiu from a public water-closet. 
Christison says that an "unusual prevalence of colic, 
diarrhcea, and cholera" at Dunkirk was believed to have 
been traced to an importation of unwholesome oysters from 
the Normandy coast. Vadqhan and Now obtained 
tests for tyrotosicon in the liquor of some decomposed 
oysters which had caused illness in many people at a church 
festival. 

ViREY states that many persons were attacked with 
violent pain and diarrhcea a few hours after eatiufr a pate 
made of eels i'rom a stagnant cattle-ditch near Orleans, 
also that similar cases have occuri-ed in various parts of 
France, and that domestic animals have been kdled by 
eating the remains of the poisonous dish. 

Poisonous Fish. — While many species of fish are popu- 
larly regarded as poisouous, but little scientific work has 
been done in this line, and we are not prepared to say to 
what extent this popular idea is correct. MiURA and 
Takesaki find that the ripe ovaries of teirodon i-ubripea 
contain a substance which induces in rabbits acceleration 
of the respiratory movements, paralysis of the skeletal 
muscles, mydriasis, increased jieristalsis of the intestines, 
and arrest of the heart. 

The disease knowu as "kakke," which prevails from 
May to October in Tokio is, according to Midha aud 
others, an intoxication due to the catiug of fish, which be- 
long to the scombridte. The affi^tion is generally chronic 
or subacute, seldom acute. The most characteristic symp- 
tom is paralysis of the diaphragm with consequent dysp- 
ncea and disturbance of the action of the heart. Electri- 
cal stimulation of the diaphragm has proven to be the 
most successful treatmeut. 
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Sausage Poisoning. — This is also known as botulis- 
Diiiu and allaDtiasia. While cousiderable divefsity has 
been observed in symptoms of sausage poisoning, we can- 
not, divldu the cnses into classes from their symptoma- 
tology as has been done in mussel poisoning. The Rrst 
effects may manifest themselves at any time from one hour 
to twenty-four hours after eating of the sausage, and cases 
are recorded in which it is stated, no symptoms appeared 
until several days had passed. However, we must re- 
member that trichinosis was frequently, in former times, 
classed as sausage poisoning, and it is highly probable that 
these cases of long delay in the appearance of the symp- 
toms were really not duo to putrefaction, bnt to the pres- 
ence of parasites in the meat. A lai^e majority of the one 
hundred and twenty-four cases more recently reported by 
MDli.er siekened within twenty-four hours, and out of 
the forty-eight of these which were fatal, six died within 
the Jirst twenty-four hours. At first there is dryness of 
the mouth, constriction of the throat, imGa.'^iness in the 
stomach, nausea, vomiting, vertigo, ludiatinutness of vision, 
dilutation of the pupils, difficulty in swallowing, and 
usually diarrlid^a, though i>l>stinate constipation may exist 
from the first. There is, as a rule, a sensation of suffoca- 
tion, and the breathing becomes labored. The pulse is 
small, thready, and rapid. In s<ime cases the radial pulse 
may be impei-ceptible. Marked nervous prostration and 
inns<nilar debility follow. These symptoms vary greatly 
in prominence in individual cases. The rechting and vom- 
iting, which may be mo.'jt distressing and persistent in 
.some instances, iu others are trivial at the l)cginQing and 
.soon t^ase altogether. The same is true of the diarrhcea. 
As a rule, the functions of the brain proceed normally, but 
there may be delirium, then coma and death. In some 
there are marked convulsive movements, especially of the 
limbs, in others paralysis may be an early and marked 
symptom. The pupils may dilate, then become normal 
and again dilate. There is frequently ptosis, and paralysis 
of the muscles of aocommixlation is not rare. Complete 
blindness has followed iu a few iustam««. 



SAUSAGE rOlSONlNG. 



i3 



ue f&tality varies greatly iu difiiirent outbreaks. Iti 
1820 Kebnbk oolleoted reports of seventy-six cases, of 

' which thirty^even were fatal, Iu his next piiblioatiou 
(1822) he increaaed the number to one huudred and fifty- 
five cases, with eighty-four fatal results. This gave a 
niortality of over fifty per cent., while in one ontbi-eak 
reported by Muller the mortality was less than two per 
cent. 

A large proportion of the oases of sausage poisoning 
have occurred in Wiirtemberg and the imiuediately adja- 
cent portions of Baden. This fact has, without doubt, 
been correctly ascribed to tlie methods there practised of 
preparing and curing the sausage. It is said to be com- 
mon for the jieople to use the blood of the sheep, ox, and 
goat in the preparation of this article of diet. Moreover, 
the blood is kept sometimes for days iu wooden boxes and 

I at a high temperature before it ia used. In these cases it 
is altogether likely that putrefaction jirogressc'^ to the pui- 
sonous stage befure the process of curing is beguu. How- 

I ever, cases of poisouing have occurred from beef and pork 
sausages as well. 

Moreover, the method of curing employed in Wiirtem- 
berg favoi-s pntretactiou. A kind of sausage known as 
"blunzen" is made by filling the stomachs of hogs with 
the meat. In curing, the interior of this great mass is not 
acted upon, and putretiiction sets iu. The curing is usually 
done by hanging the sausage in the chimney. At night 
the tire often goes out and the meat fi-eezes. The alternate 
freezing and thawing render decomposition more easy. ' 

I The interior of the sausage is generally the most poison- 
ous. Indeed, iu many instances thtrae who have eaten of 

I the outer portion have been unharmed, while those who 

' have eaten of tJie interior of the same sausage have been 
most seriously affected. 

Many German writers state that when a poisonous saus- 
age is cut, the putrid portion has a dirty, grayish-green 
color, and a soft, smeary consistency. A disagreeable 
odor, resembling that of putrid clieese, is perceptible. The 
taste is unpleasant, and sometimes a smarting of the mouth 
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aud throat is produi%d. Pust-iiiortem examioatii 
BQiisage poiHoniug shows nu characteristic lesion. It is 
geDerally stated that putrefaction sets in very tardily, hut 
Mi'TLi^RR shows that uo reliance can be placed upon this 
point, aud states that ont of ibrty -eight recorded autopsies, 
it was especially staled in eleven that putrefaction rapidly 
developed. In some instances there has been noticed 
hyperemia of the stomach and intestinal canal, but this is 
by ito means constant. The liver aud brain have been re- 
ported as congested, but this would result from the failure 
of the heart, and would, by uo means, be characteristic of 
poisoning ivith sausi^. 

Von Fabeb, in 1821, observed sixteen persons who 
were made sick by eating fresh, unsuiokcd sausage made 
from the flesh of a pig which had suffered from an abscess 
on the neck. Five of the patients died. The symptoms 
were as follows : There was constriction of the throat, 
difficulty in swallowing, retching, vomiting, colic-like 

Eiins, vertigo, hoarseness, dimness of vision, and headache, 
ater and in severer cases, there was complete exhaustion, 
aud, finally, paralysis. The eyeballs were retracted, the 
pupils were sometimes dilated, then contracted; they did 
not respond to light ; there was paralysis of the upper lids. 
The tonsils were swollen, but not as iu tonsillitis. Liquids 
which were not irritating could be carried as far as the 
oesophagus, when they were then ejected from the mouth 
and nose with coughing. Solid foods could not be swal- 
lowed. On the back of the tongue and in the pharynx 
there was observed a puriforra exudate. 

Obstinate constipation e:Eisted in all, while the sphincter 
ani was paralyzed. The breathing was easy, but all had 
a croupous cough. The skin was dry. There was incon- 
tinence of urine. There was no delirium and the mind 
remained clear to the last. 

Post-mortem examinations were held on four. The 
skin was rough — "goose-skin." The abdomen was re- 
tracted. The large vessels in the upper part of the stom- 
ach were tilled with black blood. Thi' contents of the 
stomach consLstefl of a reddish-brown, semi-fluid substance, 
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which gave off a. reuugoaut, acid odor. In oue case the 
onicutum was focna greatly congested. Tlie large intes- 
tiue was very pale, and the right ventricle of the heart 
was filled with dark fluid blood. 

Sciirz cites thirteen ca.ses of poisoning from liver saus- 
age in which the symptoms differed from the foregoing in 
the following respects : 

(1) In only one out of the thirteen was there constipa- 
tion ; all the others had numerous watery, typhoid-like 
stools. 

(2) Symptoms involving the sense of sight were present 
in only three; in all the pupils were unchanged. 

(3) The croupoas cough was wholly wanting; though 
in many there was complete loss of voice. Difficulty of 
swallowing was eomplaiued of by only one. 

(4) Delirium was marked in all ; and in one the dis- 
turbance of the mental faculties was prominent for several 
weeks. 

(6) There were no deaths. 

(6) The time between eating the sausage and the appear- 
ance of the symptoms varied from eighteen to twenty-four 
hours, and the duration of sickness from one to four 
weeks ; though in one case complete recovery did not occur 
until after two and one-half months. 

The sausages were not smoked, and all observed a garlic 
odor, though no garlic had been added to the meat. 

Tripe reports sixty-four cases. The symptoms came 
OD from three and one-half to thirty-six hours after eating. 
The stools were frequent, watery, and of offensive odor. 
In some there was delirium. One died. In the &tal case 
the hands and face were cold and swollen. The pulse was 
rapid and weak. The pupils were contracted, but re- 
sponded to light. The small intestine was found inflamed. 

Hedinger reports the case of a man and a woman with 
the usual symptoms, but during recovery the dilatation of 
the pupils was followed by contraction. Birds ate of this 
sausage, and were not affected. 

R<')6ER reports cases in wliicli there were found, after 
death, abscesses of the tonsils, a dark, bluish appearance 
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of the mncons membrane of the pharynx, larynx, ant 
hrimchial tnlies, dark redneBs ul' the fundus of the stom- 
ach, and circumscribed, gray, red, and black spots on the 
niiictms membrane of the intestine. The liver was brittle 
and tiie spleeu enlarged. 

Many theories concerning the nature of the active prin- 
ciple of iwisonons sausage have been advanced. It was 
once believed to consist of pyrohgueous acid, which was 
supposed to lie absorbed by the meat from the smoke used 
in curing it ; but it was soon fonnd that nnsmoked sausage 
might )>e poisonous also. Eumekt believer! that the active 
agent was hydnxiyauic acid, and Jager's theory supposed 
the presence of picric acid. But these acids are not found 
Id poisonous sausage, and, moreover, their toxicological 
ctfects are wholly unlike those observed in sausage poison- 
ing. As we have elsewhere seen, Kerner believed that 
he had found the poisonous principle in a fatty acid. This 
theory was supported by Bann, BCchner, and Schu- 
mann, Kerner l>elieved the poison to consist of either 
caseic or sebacic acid, or both, while BI'Chner named it 
acidim] botulinicum ; but the acids of the former proved 
to be inert, and that of the latter to have no e-tistenoe. 
SC[iiX>S8BBROER first suggestwl that the poisonous sub- 
stance is most probably basic in character, and he found 
au odoriferous, ammoniacal base which could not l>e found 
in good sausage, and wliicli did not correspond to any 
known amides, imides, or nitrll bases. However, this 
substance has not been obtained by anyone else, nor has 
it been demonstrated to be poisonous. 

LiEBiG, Dufi.as, Hirsch, aud Simon believed in tlie 
presence of a poisonous ferment. Van den Corput de- 
scribed sareina botulina, which was believed to constitute 
the active agent, Mdi.leb, Hoppe-Seyler, and others 
have found various microorganisms, and ViRCHOW, EiCH- 
ENBERO, aud others have examined microscopically the 
blood of persons poisoned with sausage. Recently, Ehr- 
ENOERO has attempted to i^tolate the poisouous substance 
by employing ERrEt4ER'e method, but he obtained ouly 
inert substances. 
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Gappkv and Paak have made a thorough study of 
some sausage which poisoned a lai^e number of people, 
among whom one, a stroiif; man, died. The sausage was 
made of LorBe-flesh and liver. In the majority of the 
persons the symptoms came on within six hours and in 
one inalance within half an honr. Many had a severe 
chill ; some did not. The most prominent symptoms were 
headache, loss of appetite, pain in the bowels, vomiting 
and purging. In tfie fetal case, however, there was no 
vomiting. From the sausage Raffky and Paak isolated 
a short bacillus, which when given by the month, snb- 
cutaneously or intraveuously produced the aliove symptoms, 
with a &tal termination in most instances, in raltbits, 
guinea-pigs, mice, and apes. Gaffky and Paak were 
Dnable to isolate the chemical poison. 

Poisonous Ham. — Under this head we shall not discuss 
cases of poisoning from trichina or other parasites, but shall 
refer only to those instances in which the toxic agent has 
originated in putrefective changes. A nnmber of such 
cases have been observed within the past ten years, bnt 
only a few of them have been investigated scientifically. 
The best known of these, us well as the most thoroughly 
studied, is the Wellbeck poisouing, which BAM.Aitn in- 
vestigated successfully. In June, 1880, a large nnmber of 
persons attended a sale of timber and machinery on the 
estate of the Duke of Portland at Wellbeck. Tlie sale 
continued four days, and lunches were served by the pro- 
prietress of a neighboring hotel. The refreshments con- 
sisted of cold boilerl ham, cold, boiled, or roasted beef, 
cold beefsteak pie, mustard and salt, bread and cheese, 
pickles and Chntney sam*. The drinks were bottle and 
draught beer, spirits, ginger beer, lemonade, and water. 
Many were |ioisoned, and BaIjI.abd obtained the ]>articu- 
lara of seventy-two cases, among which tiiere were four 
deaths. The symptoms are given by Bali.ard as follows: 

"I propose to speak of the attacks under the name of 
' diarrnreal illness,' because diarrhma wa'^ the most (Xjustant 
of all the symptoms observed, and the other symptoms 
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were ia some respects st* peculiar that I rid iiidispused 
give to tiie disea.se auy natne otherwise ^nerully recc^uized. 
As might liuve beeu anticifiated from our experience of 
diseases in geueral, there were varieties in severity among 
the coses investigated ; and symptoms strongly marked ia 
some, were slightly marked or altogether waotiug iu others. 
Perhaps I shall do the best service by giving first a general 
sketch of the course of the illness, subsequently illiistratii 
it by a descTiption of a few well-marked cases. 

"A period of incubation preceded the illness. In fil 
one cases where this could be accurately determined, it 
was twelve hours or less in five cases ; between twelve and 
thirty-six hours in thirty-four cases ; between thirty-six 
and forty-eight hours in eight oases; and later than this in 
only four cases, Iu many eases the firet definite symptoms 
occurred suddenly, and evidently unexpectedly, but in some 
cases there were observed during the incubation more or 
leaf feeling of languor and ill health, loss of appetite, 
nausea, or fugitive, griping pains in the belly. In about 
a third of the cases the first definite symptom was a sense 
of chilliness, usually with rigors, of trembling, in one case 
accompanied by dyspnoaa; in a few cases it was giddiness 
with fiiintness, sometimes accompanied by a cold sweat and 
totlering; in others, the first symptom was headache or 
pain somewhere in the trunk of the body, e. g., in the 
chest, back, between the shoulders, or iu the abdomen, to 
which part the pain, wherever it might have commenced, 
subsequently extended. In one case the first symptom 
noticed was a difficulty in swallowing. In two cases it was 
intense thirst. But however the attack may have com-' 
menced, it was usually not long before pain in the abdomen, 
diarrhcea, and vomiting came on, diarrhcea being uf more 
certain occurrence than vomiting. The pain in several 
cases commenced in the chest or between the shoulders, and 
extended first to the upper and then to the lower part of 
the abdomen. It was usually very severe indeed, quickly 
producing prostration or faintness, with cold sweats. It 
was variously described as crampy, burning, tearing, etc. 
The diarrhceal disehai^es were in some cases quite unre- 
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stnuoable, and (where a description of them could be ob- 
tained) were said to have been exceedingly offensive and 
usually of a dark color. Muscular weakness was an early 
and very remarkable symptom in nearly all the cases, and 
in many it was so great that the patient could only stand 
by holding ou to something. Headache, sometimes severe, 
was a common and early symptom ; and in most cases there 
■was thirst, often intense and most distressing. The tongue, 
when observed, was descriljed usually as thickly coated 
with a brown, velvety fur, but red at the tip aud edges. 
In the early stage the skiu was often cold to the touch, but 
afterward ievor set in, the temperature rising in some 
cases to 101°, 103°, aud 104° F. In a few severe cases 
where the skiu was actually cold, the patient complained of 
heat, insist&l on throwing off the bedclothes, and was very 
restless. The pulse In the height of the illness became 
quick, couutiog in some cases 100 to 128, The above 
were the symptoms most frequently noted. Other symp- 
toms occurred, however, some in a few cases, aud some only 
in solitary cases. These I now proceed to enumerate. 
Excessive sweating, cramps in the 1^, or in both legs and 
arms, convulsive flexion of the hands or fingers, muscular 
twitchings of the face, shoulders, or hands, aching pain in 
the shoulders, joints, or extremities, a sense of stiffnras of 
the joints, prickling or tingling or numbness of the bauds 
lasting far into convalescence in some cases, a sense of 
general compression of the skin, drowsiuess, hallucinations, 
imperfection of vision, and intolerance of light. In three 
eases (one, that of a medical man) there was observed yel- 
lowness of the skin, either general or confined to the face 
aud eyes. In one case, at a late stage of the illness, there 
was some pulmonary congestion, and an attack of what was 
regarded as gout. In the fatal cases, death was preceded 
by collapse like that of cholera, coldness of the surface, 
pinched, features and blueness of the fingers and toes and 
around the sunken eyes. The debility of convalescence 
was in nearly all cases protracted to several weeks. 

"The mildest cases were characterized usually by little 
remarkable beyond the following symptoms, viz., abdominal 
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painB, vomiting, diarrhtea, thirst, hoadadie, and mi 
weakness; any one or two of which might be absent." 

The cause of this illness was traced conclusively to the 
hams oaten. Klein found in the meat a bacillus, cultui 
of which were nsed for iuuculating animals. These inocu-* 
latious were fouud geuenilty to be followed by pnoumonia;. 
No attempt was made to isolate a ptomaine. 

Later, BAf^LAitD reported lifteen cases with symptoms 
similar to the above, aud with one death, from eatiug baked! 
pork. Not all of those who ate of this pork were made 
sick. This might have been doe to inequality in the putre- 
feotive changes in different portions of the meat, or it may- 
have been due to differences in temperature in various por- 
tions of the meat during the cooking. In the blood, pein< 
cardial fluid, and lungs of the fatal case, Klein observed! 
baitilli similar to those discovered in the Wellbeck inquirer... 
Pneumonia was produced by inoculating guinea-piga ami 
mice with these bacilli. 

In meat which poisoned a large number of persona, 
GAhtner fonnd his bacillns euteritidis. The meat was 
from a cow which had a severe diarrhcca for two days be- 
fore she was killed. Of twelve persons who ate the fleeb 
raw, all were sick ; while of those who ate of the cookedi 
food a large per cent, were also affected. In the meat and 
in the spleen of a person who died from the effects of lbs 
poison, CtArtneh found the bacillus, which proved fetal; 
to animals. Good beef, inoculated with this bacillns and' 
cooked some hours later, killed rabbits, gninea-piga, and 
mice. The skin of the people who were poisoned and re- 
covered peeled olT'. The jKriod of incubation varied from 
two to thirty houre. 

August 29, 1887, 256 soldiers aud 36 citizens at Miildfe- 
burg, Holland, were taken sick after eating meat from a 
cow which had been killed while suffering from puerperal 
fever. The symptoms were nausea, vomiting, pui^ing, 
elevation of temperature, and prostration. In some there 
were observed dizziness, sleepiness, and dilatation of the 
pupil. After a few days these symptoms gradually disap- 
j>earedj and in many an eczematous eruption of the lips 
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^^V gave annoyance. Pigs, cats, and dogs which ate of the 
^^M oBal of this animal were also made sick. Thorough 
^^M cooking did not destroy the poison, and those who took 
^^B soup and boullion made from the meat were affected like 
^^M those wlio ate of the muscular fibre. In most of the cases 
^^M the symptoms came on within twelve hours after eating 
^^B the meat. 

^^M On a fete-day at Zurich, in 1839, 600 persona who were 
^^H fed upon oold veal and ham were taken ill, with shivering, 
^^B giddiness, vomiting, and diarrhma. Some were delirious 
^^M and others were salivated, the saliva being e.-ctremely fetid. 
^^^ In the woi-st cases there were involuntary stools, collapse, 
^^B and death. The cause was traced to pntrefiictive changes 
^^B in the meat. 

^^B SiEDLER reports an instance of four persons having been 
^^B made sick by eating decomposed goose-grease. There were 
^^B giddiness, prostration, and violent vomiting. No metallic 
^^B poison could be found. The grease was rancid, of repul- 
^^B sive odor, and three ounces of it given to a dc^ produced 
^^B the same symptoms which had been observed in the 
^^B jMrsons. 

^^H CrbirTison reports a number of cases in which j>eruous 
^^B were seriously, a few fatally, alfeeted by ealing various 
^^B kinds of meat which had undci^one )>artial putrefactiou. 
^^B Oluvier foimd six persons poisoned, four of them 
^^M fatally, by eating of decomposed innttou. He also men- 
^^p tions the poisoning of a family of three with ham pie. 

Chemical analysis failed to reveal the presence of any 

poison. 

BoTTTiGNY, having failed to find any poison in the meat 

Ifiiruished at a festival, and to which the serious illness of 
many was attributed, mai]e a meal of stuffed turkey fur- 
nished by the same dealer, but after a short time his coun- 
tenance became livid, his pulse small and feeble, a cold 
sweat bathed his body, and violent vomiting and purging 
followed. His recovery was slow. 
Geisei.bti observed nausea, vomiting, pui^iog, and 
delirium after eating uf bacon which was imperfectly cured. 
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PoiHONous Canned Meats. — Cases of poisoning from 
eating caaDEKl meats have become quite frequent. Altbougb 
it may be possible that in some iiistanees the untoward 
effects result from metallic poisoning, in the great majority 
of casPH tlie poisonous principles are formed by putrefactive 
changes. In many instances it is probable that decomposi- 
tion b^ius after the can is opened by the consumer. In 
others, the canning is carelessly done and putrefaction is 
far advanced before the food reaches the consumer. In 
still other instances, the meat may be taken from diseased 
animals, or it may undergo putrefactive changes before 
the canning. What is true of canned meats is also true of 
canned fruits and vegetables. 

Dr. AsnwoRTH, of Smithland, Iowa, has reported to us 
three fatal cases of poisoning from canned apricots. An 
infant, which was uuly eight days old, and which must 
have received the poison from its mother's breasts, died 
within a few hours. The mother died forty-three hours 
after eating the apricots, and the father on the sixth day, 
The symptoms corresponded with those of poisoning by 
tyrotoxicon. However, it seems that no analysis was 
made, and these may have been cases of mineral poisoning. 

Poisonous Cheese, — In 1827 HfJNNEFELD made some 
analyses of poisonous cheese, and experimented witli ex- 
tracts upon tile lower animals. He accepted the ideas of 
Kerner in regard to poisonous sausage !u a somewhat 
modified form, and thought the active agents to be sebacio 
and caaeic acids. About the same time, Sertuhnbb, 
making analyses of poisonous cheese for Westrumb, also 
traced the poisonous principles, as he supposed, to these 
fatty acids. We see from this that during the first part of 
the present century the fatty acid theory, as it may be 
called, was generally accepted. 

In 1818, Chribtihon, after referring to the work of 
HuNNEFRLD and Sertijrner, made the following state- 
ment : " His (Hiinnefeld's) experiments, however, are not 
quite conclusive of the fact that these fatty acids are really 
the poisonous principles, as he has not extended his experi- 
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mental researches to the caaeic aud sebaeic acids prepai-eil 
ill the ordiiiary way, Hia views will probably be altered 
and gimplified if future esperiments should L-oDhrm the 
late inquiries of BrA(.«nnot, who has stated that Pro0st'r 
caseic acid Is a moditicatiou of acetic acid combined with 
au acrid oil." 

In 1852 ScHLOSBBEKGBR made ex|)eriments with the 
pure fatty acids and demonstrated their freedom from poi- 
sonous pro[>erties. These esperimeuts have been verified 
repeatedly, so that now it is well known that all the fatty 
acids obtainable from cheese are devoid of poisonous 
properties. 

It may be remarked here, that there is every probability 
that the poisonous substance was present in the extracts 
obtained by the older chemists. Indeed, we may say that 
this Is a certainty, since the administration of these extracts 
to cats was, in some instances at least, followed by fatal 
result. The great mass of these extracts consisted of fatty 
acids, and as the chemists could find nothing else present, 
they very naturally concluded that the fatty acids them- 
selves constituted the poisonous sub.stance. 

Since the overthrow of- the fatty acid tiieory, various 
conjectures have been made, but none worthy of considera- 
tion. 

We make the following quotations from some of the best 
authorities who wrote during the first half of the past 
decade upon this subject : 

HiLLEK says : " Nothing definite is known of the nature 
of cheese poison. Its solubility seems establishal from an 
observation by Husemann, a case in which the poison was 
transmitted from a nursing mother to her child." 

Hdsemasn wrote as follows : " The older investigations 
of the ohemical nature of cheese poison, which led to the 
belief of putrefactive cheese acids and other problematic 
substances, are void of all trustworthiness, and the dis- 
covery of the active principle of poisonous cheese may not 
be looked for iu the near future, on aivount of the proper 
animals for controlling the experiments with the rxtnicis. 
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as (logs caD eat large (juantitlcH iif poisonous cheese wl 
its producing any effect." 

Briefer stated in 1886 : " All kind^j of conjectures 
cerniiig the nature of tins poison have been formed, but 
are even devoid nf historical interest ; because they are 
based upon experimental investigations. My own ex] 
uients toward solving this question have not progi 
very far." 

lu the above quotation we think that Brieoer bi 
hardly done justice to the work of HiJNNEFEi.D and Sei 
TURNER. Their iaboi's can hardly be said to be wholly" 
devoid of historical interest, and they certainly did employ 
the ex|ieriniental method of inquiry. 

In the years 1883 and 1884 there were rcpoiied to 
Michigan State Buard of Health about three huudred o 
of cheese poisoning. As a rule, the firdt symptoms 
jjearcd within from two to four hours after eating 
cheeac. In a tew the symptoms were delayed from eight 
to ten hours and were very alight. Tlie attending physi- 
cians reported that the gravity of the symptoms varied with 
the amount of cheese eaten, but no one who ate of tl 
poisonous cheese wholly esca)>ed. One physician repoi 
the following symptoms; "Everyone who ate of 
cheese was taken with vomiting, at tirst of a thin, wate) 
later a more consistent red disli -colored substance. At t1 
same time the patient suffered from diarrhoea with wal 
stools. Some complaiued of pain iu the region of tl 
stomach. At first the tongue was while, but later it be- 
came red and dry, the pulse was feeble and irregular; 
eonntenauco pale, with marked cyanosis. One small boy, 
whose condition seemed very critical, was covered all ov( 
the body with bluish spots." 

Dryness aud constriction of the throat were corapli 
of by all. In a few cases the vomiting and diarrhcea 
followed by marked nervous prostration, and in some dil 
tation of the pupils was observed. 

Notwithstanding the severity of the symptoms 
there was no fatal termination among these cases, thou[ 
several deaths from cheese poisoning in other outbreal 
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I have occurred. Many of t)ie physicians at first iliagnoBed 
the cases from the symptoms as due to arsenical poisoning, 
and on this supposition some administered ferric hydrate. 
Others gave alcohol and other stimulants and treated ujion 
the expectant plan. 

Vauqhan, to whom the cheese was sent for analysis, 
made the following report: "All of these three Imndrcd 
cases were caused by eating of twelve different cheeses. Of 
these, nine were made at one factory, and one each at tliree 
other lactoriea. Of each of the twelve I received smaller 
or latter pieces. Of each of ten I received only small 
amounts. Of each of the other two I receive<l about 
eighteen kilogrammes. The cheese was in good condition 
and there was notliing in the taste or odor to excite sus- 
picion. However, from a freshly cut surface there exuded 
numerous drops of a slightly opalescent fluid which red- 
dened litmus paper instantly and intensely. Although, as 
I have stated, I coulil discern nothing peculiar in the odor, 
if two samples, one of good, the other of poisonous cheese, 
were placed l>efore a dog or cat, the animal would invari- 
ably select the good chee.se. But if only poisonous cheese 
was offereil, and the animal was hungry, it would partake 
freely, A cat was kept seven days and furnished only 
poisonous cheese and water. It ate freely of the cherae 
and manifested no untoward symptoms. After the seven 
days the animal was etherized and abdominal section was 
made. Nothing abnormal could be found. I predicted, 
however, in one of my first articles on poisonous cheese, 
that the isolated poison would afl^ect the lower animals. 
As to the truth of this prediction we will see later. 

" My friend, Dr. Bterkbbro, the eminent bacteriologist, 
found in the opalescent drojB above referred to numerous 
micrococci. But inoculations of rabbits with tiiese failed 
to produce any results. 

"At first I made an alcoholic extract of the cheese. After 
the alcohol was evaporated in vacuo at a low tempurature 
a residue consisting mainly of fatty acids remained. I ate 
a smalt bit of this residue, and found that it prndui'efl dry- 
ness of the throat, nausea, vomiting, anil diarrJuca. The 
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mass of this extract cousisted of fat^ and fatty acids, and 
for some weeks I endeavored to extract the poisou from 
these fats, but all attempts were unsuccessful. I then made 
an aqueous extract of the cheese, filtered this, and drinking 
some of it, fouud that it also was poisonous. But after 
evaporating the aqueous extract to dryness on the water- 
bath at 100°, the residue thus obtained was not poisonous. 
From this I ascertained that the poison was decorajiosed or 
volatilized at or below the boiling-point of water, I tlien 
tried distillation at a low temperature, but by this the 
poison seemed to be decomposed. 

" Finally, I made the clear, filtered atjueoua extract, 
which was highly acid, alkaline with sotiium hydrate, agi- 
tated this with ether, removed the ether, and allowed it to 
evaporate spontaueously. The residue was highly poison- 
ous. By re-solution in water and extraction with ether, the 
poison was separated from foreign substances. As the ether 
took up some water, this residue consisted of an aqueous 
solution of the poison. After this was allowed to stand for 
some hours in vacuo over sulphuric acid, the poison sepa- 
rated in needle-shaped crystals. From some samples the 
poisoned crystallized from the first evaporation of the ether, 
and without standing in vacuo. This happened only when 
the cheese contained a comparatively large amount of the 
poison. Ordinarily, the microscope was necessary to detect 
the crystalline shape. From sixteen kilogrammes of one 
cheese, I obtained about 0.5 gramme of the poison, and in 
this case the individual crystals were plainly visible to the 
unaide<l eye. From the same amount of another cheese I 
obtained only about 0.1 gramme, and the crystals in this 
case were not so large. I have no idea, however, that by 
the method used all the poison was separated from the 
cheese." 

To this ptomaine Vaughan has given the name tyro- 
toxieon {rvpac, cheese, and mfmof, poison). Its chemistry 
will be diHcnssed in a subsequent chapter. 

During 1887, Wai.t.acb found tyrotoxicon in two 
samples of cheese which had caused acHous illne.ss. The 
first of these came from Jeanesville, Pa., and the symptoms 
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as reported to Wallace by Doolittle, jvho Iiad charge 
of the cases, were as follows: "There were at least fifty 
persons poisoned by tliis cheese. There were also eight 
others who ate of the cheese, but felt uo unpleasant effects ; 
whether this was due to personal idiosyncrasy, or to an 
uneven distribution of the poison throughout the cheese, I 
am unable to say. 

"The majority, however, comprising fifty or sixty per- 
sons, were seized, in from two to four hours after eating the 
cheese, with vertigo, nausea, vomiting, and severe rigors, 
though varying in their order of appearance and in severity 
in different cases. The vomiting and chills were the moat 
constant and severe symptoms in all the cases, and were 
soon followed by severe pain in the epigastric region, 
cramps in the feet and lower limbs, pui^ing and griping 
pain in the bowels, a sensation of numbness or pins and 
needles, especially in the limbs, and lastly, very marked 
prostration, amounting almost to collapse in a few cases. 

" The vomit at first consisted of the contents of the 
stomach, and had a strong odor of cheese ; afterward it 
consisted of mucus, bile, and in three or four of the severer 
cases blood was mixed with the mucus in small quantities. 
Microscopic examination of the same was not made, but to 
the eye it appeared as such. The vomiting and diarrhcea 
lasted from two to twelve hours ; the rigors and muscular 
cramps, one to two hours. The diarrhceal discharges, at 
first fecal, became later watery and light colored. No 
deaths occurred, and for the most part the effects were 
transient, and all that remained on the following day were 
the prostration and numbness; the latter occurred in about . 
one-half the cases, and disappeared in from one to three 
days. 

"Children, as a rule, seemed to suffer less than adults, 
and, of course, it was not possible to elicit as definite symp- 
toms from them. The suddenness of the attack was 
remarked by all, some feeling perfectly well until the 
moment of attack. Nor did the symptoms seem to be in 
proportion to the amount of cheese taken ; some of the 
Beverrat cases declared they had not eaten more than a cubic 
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iuch of it. Oue of the severest cases was alxiul six and 
ooe-lialf moiitlis pregnant, but uo mterfercn«3e with preg- 
nancy occurred. All the cheese which caused the sickness 
came from the same piece," 

The second sample of cheese examined by Wallace 
came from Riverton, N. J, This outbreak iucluded a 
smaller number of persons, all of whom recovered. 

Wolff has detected tyrotoxicon in cheese which poisoned 
several persons at Shamokin, Pa. The pores of this cheese 
were found filled with a grayish-green tiingold growth, 
though it is uot supposed that this fungus was connected in 
any way with the poisonous nature of the cheese. Teats 
were made for- mineral poison with negative results, after 
which tyrotoxicon was recognized both by chemical and 
physiological tests. "A few drops of the Ii(|uid (extract), 
p[a(«d on the toogue of a young kitten, produc«d prompt 
emesis and numerous watery dejections mth evident depres- 
sion and malaise of the animal. A lai^er cat was similarly 
affected by it, though the depression and malaise were not 
BO marked nor so long continued." 

Cheese poisoning caused the death of several children in 
the neighborhood of Heiligensladt, in 1879, and there were 
many fatal cases from the same cause in Pyrmont, in 1878. 
Unfortunately we have not been able to find any <letailed 
account of either the symptoms or the post-mortem appear- 
ances in these cases. 

Ehriiart has published the history of some cases of 
poisoning from cheese, of which the following is an abstract: 
The family of a workman, consisting of eight persons, ate for 
supper 600 grammes {about eighteen ounces) of Limbui^r 
cheese. The rind was covered with a heavy mould, while 
the interior had become fluid from putrefaction, and was of 
bitter taste. Three ate only of the mouldy rind, and these 
remained well. The next morning, the five who had eaten 
of the inner portion suffered from vertigo, nausea, vomiting, 
and abdominal pains ; no stool. The father had convulsive 
movements of all the e.ttremities. The pupils were dilated, 
and did not respond to light; there were double vision, 
cold sweat, skin cyanotic, abdomen distended, difficulty in 
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swallowing, delirium, mild trismus, aud temperature 40° C. 
(104" P.). The temperature of the mother, on account of 
the great collapse, was subnormal. She had no convulsive 
movements, but there was prolonged loss of consciousness. 
The pulse was small and thready, and threatened paralysis 
of the heart. Recovery was very slow. The others suf- 
fered only from gastro-e uteri c symptoms, EhrharDT 
discusses the question as to whether these symptoms were 
due to tyrotoxicon, or to infection with niicroijrgaoisms; 
but as we have not had access to his original paper, we do 
not know what his conclusions are. However, there cannot 
be much doubt that in those <»ses in which the organism 
is taken into the alimentary canal, it contiuue:^ the elabora- 
tion of it» poisonous products. 

In 1890 Vauohan made the following additional report 
on poisonous cheese : 

"During the past two or three years we have received 
at the Hygienic Laboratory of Michigan University a 
□umber of samples of cheese which, it was claimed, had 
caused nausea aud vomiting in those eating of them, and 
in which we were unable to detect tyrotoxicon. Some of 
these samples produced vomiting and purging in cats and 
d(^8 to which the cheese was fed directly. The evidence 
that these samples iiad been the actual cause of the sickness 
among the })eopte who had eaten of them was thus con- 
firmed by the experiments upon the animals; but inasmuch 
as we were uuable to detect the poison, we were comjielled 
to report as follows : 

" ' The poisonous character of tlie cheese has been proven 
by exjieriments upon animals, but we have failed to demou- 
strate the uatui'e of the poisou. Tyrotoxicon could uot Ik 
detected.' 

" One sample of this class was fouud by Now to be very 
poisonous. 8omc of this cheese was covered with absolute 
alcohol, aud afler standing in a dish for some weeks the 
alcohol was allowed to evaporate, then 100 grammes of the 
cheese was fed to a young dog and caused its death within 
a few hours. Steriltze<l milk to which a small bit of the 
cheese was added, after standing in the inculuitor at 35°. 
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for tweuty-four hours, became so poisonous that 100 c. a of 
it introduced into the stomach of a full-grown (at caused 
death. Now made plate cultures from the cheese and 
from the spleen and liver of the dead animals, and sno- 
ceeded in identifyiug oue germ as common to both. Ster- 
ilized milk inoculated with a pure culture of tliis gertn, and 
kept ill the incubator, proved fatal to cats. But with the_ 
advent of cold weather the germ lost its toxicogenic prop 
erties, which were not restored by subsequent cultivation ii 
the incubator. 

" In a second class of samples, the poisonous character" 
of the cheese was not confirmed by direct feeding. Cats, 
rats, and dogs were fed with the same quantities as above, 
without any appreciable eiFect. The report made upon the _ 
samples was as follows : 

" ' Animals fed upon the eheese were not affected. Tyrr 
toxicon could not be found. The sickness in the peopld 
was probably due to some other cause.' 

" The last sentence of this report was probably wrong, m 
will be shown from tiie following experiment. Two kilo 
gramQies of a cheese of this class was extracted repeatedly 
with absolute alcohol. The i>art insoluble in alcohol was 
then extracted with water. The aqueous extract, after 
filtration, was allowed to fall slowly into three times its 
volume of absolute alcohol. A voluminous, ilocculent 
precipilate resulteil. After twenty-four hours the anper- 
uatant fluid was decanted, and the precipitate was dissolved 
in water and re-precipitated with absolute alcohol ; then it 
was collected and speedily dried on porous plates. A small 
bit of this precipitate was dissolved in water; and forty 
drops of this solution, injected under the skiu on the back _ 
of cats, produced invariably within one hour vomiting atv 
purging. After the partial collapse which followed thd 
vomiting and purging, and which was evidenced by the^fl 
animal sitting with its chin resting on the floor, recovery* 
gradually followed. The same amount of the solutioBl 
injected into the abdominal cavity of white rats rendered! 
the animals within t«n or fifteen minutes perfectly limp^J 
and the only evidence of life observed was rapid respirator) 
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raoyements. Tbe rata lay upon their sides, aud could be 
bandied without manifesting auy attempt at movemeut. 
In thia condition some died after three or four hours, while 
others, after lying io this position for from eighteen to 
twenty-four hours, gradually improved, and after some 
days seemed to be wholly recovered. 

"This substance belongs to the so-called poisonous albu- 
mins. From its aqueous solutions it is not precipitated by 
beat or nitric acid, singly or combined. Its solutions 
respond to tbe biuret teat. It is not precipitated by satura- 
[ tion with sodium sulphate, nor by a current of carbonic 
[ -acid gas ; therefore, it is not a globulin. It is precipitated 
I by saturation with ammonium sulphate; and this fact 
noves it from the peptones, 

"That animals were not affected when fed with the 
t'whole cheese may be explained by the supposition that they 
f did not in this manner get enough of the poison to affect 
them. It cannot be said positively that the samples of 
cheese of the first class mentioned above owe their poison- 
ous properties to this substance. We have not had the 
L opportunity of testing samples of this class since the 
xignition of the poisonous proteid in those of the 
3ond class. Four samples of the latter have been tested 
for the poisonous albumin with positive results. 

" It may be found that traces of this poison exist in all 

amples of green cheese. This point will he investigated. 

" It is highly probable that tbe poisonous effects of some 

samples of sausage aud meat are due to similar pnxiucts of 

bacterial activity," 

In reference to the poisonous proteids in cheese and other 
articles of food tbe Ibllowing interesting questions arise : 
How is the poisoning explained ? Is it not generally sup- 
that poisonous proteids are not absorbable from 
mucous membranes? MrrCHEr.L and Reichert showed 
that the venom of serpents may be absorbed from mucous 
membranes; especially did they tind this to be true of the 
poisonous peptone of the cobra. It may be, however, that 

Ctena, which are in the cheese and to which the 
)n of the poisonous proteids is due, find their way 
. 
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through the intestinat walls and form their poisoDoi 
ducts within the spleen aud other organs. The fact tbat 
NoVY found the bacteria in the spleen and liver of the 
animals esperimented upon eonGrms this view. 

Poisonous Mile. — In 1885 Vauqhan found tyrotoxi- 
con in milk which had stood in a well -stoppered buttle fur 
about six mouths. It was presumed that this milk was, 
when first obtained, normal in composition, but since this 
was not kuowu with certainty, the following experiments 
were made : Several gallon bottles were filled with normal 
milk, tightly closed with glass stoppers, aud allowed to 
stand at the ordiuary temperature of the room. From time 
to time a bottle was opened and the test for tyrotoxicon was 
made. These tests were followed by negative results until 
about three months after the experiment was begun. Then 
the poison was obtained from one of the bottles. The coagu- 
lated milk was filtered through paper. The filtrate, which 
was colorless and decidedly acid in reaction, was rendered 
feebly alkaline by the addition of potassium hydrate and 
agitated with ether. After separation, the ethereal layer 
was removed with a pipette, passed through a dry filter- 
paper in order to remove a flocculent, white substance which 
floated in it, and then allowed to evaporate spontaneously. 
If necessary, this residue was dissolved in water and again 
extracted with ether. As the ether takes up some water, 
there is usually enough of the latter left after the sponta- 
neous evaporation of the ether to hold the poison iu solu- 
tion, aud in order to obtain the crystals this aqueous solu- 
tion must be allowed to stand tor some hours in vacuo 
over sulphuric acid. 

From one-half gallon of the milk there was obtained 
quite a concentrated aqueous solution of the poison aSter 
the spontaneous evaporation of the ether. Ten drops of 
this solution placed in the mouth of a small dog, three 
weeks old, caused within a few minutes frothing at the 
mouth, retching, the vomiting of frothy fluid, muscular 
spasms over the abdomen, and aftsr some hours watery 
stools. The next day the dog seemed to have partially 
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recovered, but was unable to retain any food. This condi- 
tion continuing for two or three days the animal was killed 
with chloroform. No examination of the stomach was 
made. 

In 1886 Newton and Wallace obtaiueil tyrotoxicon 
from milk and studied tlie conditions under which it forms. 
Their report is of so much value that the greater part of it 
is herewith inserted. 

" On August 7th twenty-four persons, at one i.if the hotels 
at Long Branch, were taken ill soon after Bupper. At 
anotlier hotel, on the same evening, nineteen persons were 
seized with the same form of sickness. From one to four 
hours elapsed hetween the meal and tlie first symptoms. 
The symptoms noticed were those of gastro-intestioal irri- 
tation, similar to poisoning by any irritating materia! — 
that is, nausea, vomiting, cramps, and collapse; a few had 
diarrhcea. Dryness of the throat and burning sensation 

I in the oesophagus were prominent symptoms. 

" VThile the cause of the sickuess was tieing sought for, 
and one week after the first series of cases, thirty persons 
at another hotel were taken ill with precisely the same 
symptoms as noticed in the first outbreak. 

" When the news of the outbreak was published one of 
us immediately set to work, under the authority of the State 
Board of Health, to ascertain the cause of the illness. The 
course of the investigation was about as follows : 

"The character of the illness indicated, of course, that 
some article of food was the cause, and the first part of our 

' task was to single out the one substance that seemed at. 
fault. The cooking utensils were also suspected, because 
unclean copper vessels have ofien caused irritant poisoning. 
Articles of food, such as lobsters, crabs, blue fish, and 
Spanish mackerel, all of which at times, and with some 
persons very susceptible to gastric irritation have produced 

I toxic symptoms, were looked for, but it was foimd that 

I none of these had been eaten at the time of ttie outbreak. 

I The cooking vessels were examineil, and all were found 
I and bright, and no evidence of corrosion was pre- 

I aented. 
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" Further inquiry revealed the fact that all who 1 
beeu takeu ill had used milk m greater or less quantities, 
aud that persona who bad not partaken of milk escaped 
entirely; corroborative of this, It was ascertained that 
those who had used milk to the exclusion of all other food 
were violently ill. This was prominently noticed in the 
cases of iufauts fed from the bottle, when nothing but un- 
cooked milk was used. In one case an adult drank about 
a quart of the milk, and was almost immediately seized 
witii violent vomiting followed by diarrlicea. and this by 
collapse. Suffice it to say, tliat we were able to eliminate 
all other articles of food and to decide that the milk was the 
sole cause of the outbreak. 

" Having been able to determine this, the next step was 
to discover why that article should, in these cases, cause so 
serious a form of sickness. 

"The probable causes which we were to investigate were 
outlined as follows ; (1) Some chemical substance, such as 
borax, boric acid, salicylic acid, sodium bicarbonate, sodium 
sulpliate, added to preserve the milk or to correct acidity. 
(2) The use of polluted wafer as an adulterant. (3) Some 
poisonous material accidentally present in the milk. (4) The 
use of milk from diseased cattle. (5) Improper feeding of 
the cattle. (6) The improper care of the milk. (7) The 
development in the milk of some ferment or ptomaine, 
such as tyrotoxicon. 

"At the time of the first outbreak we were unable, un- 
fortunately, to obtain any of the noxious milk, as that un- 
consumed had i}een destroyed; but at the second outbreak 
a liberal quantity was procured. 

"It was soon ascertained that one dealer had supplied 
all the milk used at the three hotels where the cases of 
sickness had occurred. His name and address having been 
obtained, the next step in the investigation was to inspect 
all the farms, aud the cattle thereon, from which the milk 
was taken. We also learned that two deliveries at the 
hotels were made daily, one in the morning and one in the 
evening; that the milk supplied at night was the sole 
cause of the sickness, and that the milk from but oue of 
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the farms was at fault. The cows on this farm were found 
to be in gooil health, and, besides being at pasture, were 
well fed with bran, middlings, and eorn-meal. 

" So far we had been able to eliminate as causes diseased 
cattle and improjrer feeding, and we were then compelled 
to consider tlie other possible sources of the toxic material. 

"While the inspection of the farms was being made, the 
analysis of the milk was in progress. The results of this 
showed that no chemical substance had been added to the 
milk, that it was of average composition, that no polluted 
water had been used as a diluent, and that no poisonous 
metals were present. This result left us nothing to con- 
sider but two probable causes : improper care of the milk, 
and the preseuce of a ferment. 

"As to the former, we soon learned much. The cows 
were milked at the unusual and abnormal hours of mid- 
night and noon, and the noon's milkinj^ — that which alone 
was followed by illuess — was placed, while hot, in the cans, 
and then, without any attempt at cooling, carted eight miles 
during the warmest part of the day in a very hot mouth. 

"This practice seemed to us sufficient to make the milk 
unpalatable, if not injurious, for it is well known that when 
fresh milk is closed up in a tight vessel and then deposited 
in a warm place, a very disagreeable odor and taste are 
developed. Old dairymen speak of the animal heat as an 
entity, the removal of which is necessary in order that the 
milk shall keep well and have a pleasant taste. While we 
do not give this thing a name, we are fully convinced that 
milk should be thoroughly cured by proper chilling and 
aeration before it is transported any distance or sold for 
consumption in towns or cities. 

" This opinion is based on a study of the methods prev- 
alent among experienced dairymen, who ship large quanti- 
ties of milk to our great cities. The usual practice is to 
allow the milk to stand in open vessels, surrounded by ice 
or cold water, for from eight to twelve hours before trans- 
portation, and when ]>laced on the cars it has a temperature 
of from 50° to yO° F., and is delivered to consumers in a 
perfectly sweet condition. The city of New York receives 
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about 200,000 gallons each day from the aurrounding 
country, and much of it brought in by the railroads has 
been on Ihe cars for a time varying from six to twelve 
hours, yet we seldom hear of any of this milk undergoing 
the peculiar form of fermentation set up in the Long 
Branch milk. We may account for this by assuming that 
the proper care of the milk after it was taken from the 
cow, and the low temperature at which it was kept, have 
prevented the formatiou of any ferment ; this opinion 
seems to he endorsed by all dairymen and managers of 
lai^e creameries with whom we have consulted. They all 
agree in stating that milk maintained at a low temperature 
can be kept sweet and in good condition for many days. 

"We have dwelt on this branch of our topic somewhat 
extensively, because we are fully persuaded that the im- 
projwr care of the milk had much to do with the illness it 
produced. 

"The results of our inquiry having revealed so raucb, 
we next attempted to isolate some substance from the 
poisonous milk, in order tliat the proof might be more 
evident. A quantity of the milk that had causetl sicknesa 
in the second outbreak was allowed to coagulate, was then 
thrown on a coarse filter, and the filtrate collected. This 
latter was highly acid, and was made slightly alkaline by 
the addition of potassium hydrate. This alkaline filtrate 
was now agitated with an equal volume of pure, dry ether, 
and allowed to stand for several hours, wheu the ethereal 
layer was drawn off by means of a pipette. Fresh ether 
was added to the residuum, then agitated, and, when sepa- 
rated, was drawn off and added to the first ethereal 
extract. This was now allowed to evaporate spontane- 
ously, and the residue, which seemed to contain a small 
amount of fat, was treated with distilled water and filtered, 
the filtrate treated with ether, the ethereal solution drawn 
off and allowed to evaporate, when we obtained a mass of 
needle-shaped crystals. This crystalline substance gave a 
blue color with potassium ferricyauide and ferric chloride, 
and reduced iodic acid. The crystals, when placed on the 
tongue, gave a burning sensation. A portion of the crys- 
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tela was mixed with milk aud fed to a cat, wheu, in the 
course of ha] f an hour, the animal was seized with retching 
aiid vomiting, aud was soon in a condition of collapse, from 
which it recovered in a few hours. 

"We are justified in assnraing, after weighing well all 
the facts ascertained in the investigation, that the sickness 
at Long Branch was caused by poisonous milk, and that 

I the toxic material was tyrotoxicon. 

I " The production of this substance was no doubt due to 
the improper management of the milk — that is, too long a 
time was allowed to elapse between the milking and the 
cooling of the milk, the latter not being attended to until 
the milk was delivered to the hotel ; whereas, if the milk 
had been cooled immediately after it was drawn from the 
cows, fermentation would not have ensued, and the result- 
ing material, tyrotoxicwn, would not have been produced." 
In the same year, Scheaber fonnd the same poison in 
the milk used by, and the vomited matter of, persons made 
sick at a hotel at Corning, Iowa. 

In 1887, Firth, an English army surgeon stationed in 
India, reported an outbreak of milk poisoning among the 
Boldiers of his garri.wn. From the milk he separated, by 
Vadghan's method, tyrotoxicon. He also obtained tyro- 
toxicon from milk which had been kept for some mouths 
in stoppered bottles, as had been previously done by 
Vaughau. (See page 62.) 

In 1887, Mesic and Vauohan observed four cases of 
milk poieoning, three of which terminated fatally, and 
NovY and Vaughan obtained tyrotoxicon from the milk, 
and from the contents of the intestine in one of the fatal 

r cases. Vadghan reports these cases as follows : 

" September 23, 1887, 1 was visited by Dr. A. G. Mesic, 

l-.of Milan, Michigan, who informed me that he had four 

L members of a family under his charge, all of whom were 
seriously ill with ]>eculiar symptoms which he believed to 

»bc caused by tyrobixicon. Since Dr. Mesic has written 

t-out for me the history of these cases, I will insert his report 

I in full, as follows : 

" ' Saturday, September 17, while passing the residence 
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of 8. H. Evana, a respretable farmer, I was nailed in to s 
hini. I foiinj Lim — a man of about fifty years, spare 
and mascular — vomiting severely, with fliislied face, but 
with a temperature of 96° F. I'here was marked throb- 
bing of the abdominal aorta ; the tongue bad a white, 
heavy coating, and the breathing was very labored. I set 
to work with the ordinary remedies to allay the vomiting, 
which had already continued for some honrs. The vomited 
mattei'a were colored with bile. Pupils were dilated, anil 
a rash resembling that of scarlatina, but coarser, covered 
the cheat, forearms, and legs below the kueeH, while the 
abdomen and thighs remained unaffected. As the bowels 
had not been moved since the beginning of the attack, I 
administered a purgative dose of calomel with a little podo- 
phyllin and rhubarb. On Sunday a small stool resulted. 
During that day and night, and the following day, the 
retching and vomiting continued. Small doses of carbolic 
acid seemed to give the most relief. After the movement 
of the bowels the symptoms were somewhat more prom- 
ising; but a heavy and unfavorable stupor was observable 
and j>ersisteut. 

" * On Sunday the coating of the tongue remained very 
thick, and had changed to a dark bn)wn color. At first I 
thought that his symptoms iudicated a depressed condition, 
which I had known in one instance to precede typhoid 
fever. However, after a few days, I concluded that I 
must look for the cause of the condition among the poi- 
sons ; but I could think of no one poison which wonld 
be likely to produce all the symptoms ofeerved. During 
Monday, Tuesday, anil Wednesday, there was but little 
change, and the treatment was continued. 

"'On Thui-sday morning I found the son Arthur, a lad 
of eighteen years, strong and vigorous, suffering with the 
same symptoms, only in a more violent form. After 
supper on Wednesday evening he was taken with nausea 
aud vomiting. He had no rash, but the symptoms were 
otherwise identical with those of the father, except in being 
more severe. T gave a cathartic, which acted only slightly. 

" ' At my evening visit I found Mrs. Evans, a lady of 
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about forty-five, previously in good health, with the same 
symptoms. In this case the stupor waa more marked from 
the first. I waa unable at any time to obtain any catliartic 
action in this case. Copious enemata of warm water were 
used, but succeeded only in washing some hardened lumps 
from the rectum. By this time I had concUidetl that the 
poison was most likely tyrotoxicon. 

"'On Friday moruiug the only remaining member of ' 
the family at home, Miss Alma, sixteen years of age, waa 
affected in the same way as the others. On that day I 
went to Anu Arbor, and gave a history of the cases so far 
to Dr. Vaughan, who, from the symptoms, thought that 
my diagnosis was most probably correct, and he advised 
with me as to treatment, which I carried out. I gave two 
grains of sodium salieylatc every four hours, and used small 
doses of the tonics and stimulants, quinine, mix vomica, 
digitalis, whiskey, and the aromatic spirits of ammonia. 
On Saturday the symptoms in all remained unimprovedj 
and in the mother and sun the stupor aud labored breath- 
ing grew more marked. 

" ' On Sunday, I again went to Ann Arbor, and brought 
Dr. Vaughan with me to see the patients. The tempera- i 
ture of the mother on Sunday was as low as 94° F., aud 
that of the son 95° F, Dr. Vaughan agreetl with me as to | 
diagnosis and treatment. Sunday evening the patients 
were all removed to the house of a neighbor, about ibrty 
rods distant (the reasons for this will be given later). Dr. 
Vaughan and I both expressed the fear that the mother, 
and possibly the son, would not live through the night. 
Both of these rapidly grew worse, and the son died at 7,45 
A.M. and the mother at 4 p.m., Monday. 

" ' During Monday the daughter rapidly grew worse, and 
at the time of her mother's death could not be aroused, aud 
practically she remained unconscious from that time on. 
The father vtas very weak, but retainetl his consciousness 
all the time. Convulsive movements of the limbs had 
been noticed in the son, but not in the mother. These 
now became more marked in the daughter, who remained 
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in ttie beavy stupor, whli laborcil breatLiiig, uuti. 
Tliuraday, when kIic died. 

'"Mr, Evaua has slowly impi-oved, and now, Octobep., 
18tli, is able to walk about tlie room. The siidiutn 
cylate, even in the small doses usetl, seemed to eause aevera: 
headache; so apparent was this that the drug was diKcon- 
tiuued, and drop doses of amyl nitrite, given every Lour, 
seemed to relieve the pain iu the head. His temperature 
remained below the normal until Thursday, Octoher 14tli, 
wheu it reaehed the normal. Alter this it was found once 
as high as 99.5° F., then 9D° F., theu agaiu normal) where 
it remains. . 

" 'All complained of a burniug constriction in the thro^j 
aud difficulty in swallowing, and all, as long as they were 
conscious, fi-equently calleil for iee. In all the pulse was 
rapid and feeble, and death seemed to result from failure 
of the heart. Those who died voideil urine involuntarily, 
while Mr, Evans passed small quantities frequently, and 
for this buchu and uva ursa were givea. During his eon- 
valesceuee small doses of morphine were given, as he 
unable to sleep, and became, very restless. He is now' 
taking teaspoonful doses of the elixir of calisaya and iron, 
every four hours.' 

" As stated above by Dr. Mesic, I first saw these [uitients' 
Sunday, September 25th. On a sofa in the room we found 
the daughter, Alma. She had been vomiting during the 
day, aud seemed much exhausted. She was not inclined to 
talk, and seemed to he in a stupor, though when spoken fo 
she responded rationally. Her pupils were slightly dilated, 
her tongue coated, her pulse 120 and weak, her face flushed, 
and a violent throbbing eould be felt over the abdomen, 
whiiih was retracted. Her temperature was 96° F. 

" In another room were the father, mother, and sod, twoi 
of them dying. The father was rational, and talked with.l 
some freedom when I asked as to the kind of food thejl 
had been eating, etc. His pupils were normal. Hisfacel 
could not be said to pre-sent any peculiar feature. His.l 
pulse was rapid, breathing somewhat labored, aud tbe:j 
throbbing of the abdominal aorla was plainly ililt. The | 
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iS retracted, and there was no pain ou pressure. 
He complained of a burning eonstrictiou of tlie tliroat, 
swallowed with difficulty, and said that Lis throat and 
stoniach felt as though tliey were ou fire. 

"The mother lay perfectly still with eyelids closed, as if 
in a deep sleep. Her pulse was rapid, her face had a livid 
flush, her breathing was about 35 per minute, and labored. 
The skin was cool, but neither abnormally moist nor 
specially dry and harsh. She could not be aroused. In 
fact, she was comatose. 

" The son rolled uneasily from one side of the bed to the 
cither. His breathing, also, was very labored. His eyelids 
were closed, and the pupils were markedly dilated — did not 
respond to light. He could not be aroused. In mother 
and son, as well as lu father and daughter, the abdomen 
was retracted, and the throbbing of the atidominal aorta 
was easily felt. 

" Now, to what were these symptoms due ? They were 
certainly those of some poison. Dr. Mesic had brought 
me some of the vomited matter, which I tested thoroughly 
for mineral poisons, with negative rraults. The symptoms 
certainly were not those of morphine, strychnine, digitalis, 
or aconite. They did have some resemblance to those of 
belladonna, but yet they were not the symptoms of bella- 
donna. The pupils were not as widely dilated as tliey 
would be in belladonna poisoning. There was in uoue of 
these persons the active delirium of belladonna poisoning. 
There was no picking at the clothing, no grasping of imag- 
inary objects in the air, no hallucinations of vision. Surely 
it could not be any vegetable alkaloid with which I was 
familiar. 

" On the other hand, we know that nausea, vomiting, 
^Beadache, dilatation of the pupil, rapid pulse, heavy breatli- 
"ing, constipation, and great prostration, with stupor, do 
occur in eases of poisoning with certain ptoma'inee. There- 
fore we began to look for conditions which would be favor- 
able for the production of putrefactive alkaloids. These 
conditions we were not long in finding. 

" The family, which consisted of the tour persons sick, and 
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of a daughter alwut twenty years of age, who was away 
from home at the time when the others were taken ill, 
and for some months before that time, was evidently a 
tidy one. This was shown by their personal appear- 
ante, and by the clothing and bedding. But the honse 
iu which they lived was very old, and very mucli 
decayed. Mr. Evans had purchased the farm six years 
ago ; and for some three years past, at least, they had been 
troubled every now and then, one or more of the &mily, 
with nausea and vomiting, followed by more or less prostra- 
tion. But in no instance, up to the present illness, had the 
symptoms been snfflcient to cause them to summon a physi- 
cian. The family had worked hard in order to pay for the 
farm, and bad determined to make the old house do nntil 
they were out of debt. Even before this family had moved 
to the farm, the house had been known among the neigh- 
hoi's as an unhealthy one, and there had been nmch sick- 
ness and a number of deaths among its former tenants. 

" The house is a frame one, and one of the neighbors said 
to me that it was an old house when he came to the neigh- 
borhood thirty-seven years ago. It consists of two rooms 
on the ground-floor, with attic rooms above. The frame 
rests upon four large logs or sills, which lie directly upon 
the ground, and are thoroughly rotten. There is no cellar 
under any part of the house. From the front, at least, the 
surface slopes toward the house, and the rain-water runs 
under it. In the floor of one room a trap-door had been 
placed, and directly under this a small excavation had been 
made for the purpose of collecting the rain-water when it 
accumulated under the house. Although this pit was dry 
at the time of our examination, its sides and bottom were 
marked with cray-fish holes, showing that water had stood 
in it. The floor was laid of unjointed boards, and every 
time that it was swept much of the filth fell through the 
cracks, and every time that the tidy housewife scoured and 
mopped the floor, the water, carrying with it the filth, ran 
through thecrevices, and thus the conditions most favorable 
for putrefactive changes were brought iuto existence and 
luaiutaiucd. 
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" One comer of one of the rooms had been transformed 
into a small room, or buttery, as it was called, and in this, 
on shelves, the food was kept. On account of the more 
frequent scouring demanded bj that part of the floor 
enclosed in this buttery, the boards had rotted away, and a 
second layer of boards had been placed over the original 
floor. Between these two floors we found a great mass of 
moist, decomposing matter, the accumulations of years, 
which the broom could not reach. When this floor was 
taken up, a peculiar, nauseating odor was observable, and 
was sufficient to pnidiice nausea and vomiting in one of the 
persons engaged in the examination. Some of the dirt 
from lieneath the floor, and ,-ome of that which hud accumu- 
lated beneath the boards in the buttery, were taken for 
further study. 

" The condition of the house was supposed to be unfavor- 
able to the jiatients, and for this reason they were moved, 
as Dr. Mesic has stated, to the house of a neighbor. Of 
course, thorough examination of the house was not made 
until the patients had been removed, 

" Special inquiry was now made concerning the food used 
by this family. They had been living very simply. They 
lived upon bread, butter, milk, and potatoes, with euifee 
and ripe fruit. They had eaten no canned foods for months. 
They ate but little meat. Occasionally a chicken was killed 
and served, and rarely, some fresh meat was obtained from 
the village. During the week in which they were taken ill, 
all the meat used consisted of slicas from a piece of bacon, 
the only meat which was kept iu the house, and a chicken. 
None of the latter remained, but the bacon was examined. 
It seemed in perfect condition, and contained no trichinie. 
Moreover, as has been seen fiiom the history of the cases, 
all the members of the family were not made sick by any 
one meal, but the opportunity of obtaining the poison must 
have been present for some time. Moreover, the fact that 
previous similar, but less severe, attacks had occurred at 
intervals for the past three years, convinced us that the 
poison must owe its origin to some long-existing condition. 

" The drinking-water supply was also investigated. The 
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water was obtained from a shallow well, and s 

taken for aualysis. But several families had for years used 

water from this well, and had remaiued healthy. 

" The milk used by the family was studied. Of course, 
we could get noue of that which had been used before the 
members of the family were stricken down. As soon as he 
made the diagnosis of tyrotosicon poisoning, Dr. Mesie 
ordered the discontinuance of the use of milk, not only with 
the sick, but he forbade the daughter, who had i-eturued, 
and any of the visitors using it. Mr. Evans uwued four 
Riilch cows, and they were supplied with fair pasturage and 
abundant water. The greater part of the milk was placed 
in tin cans which were set in a woodeu trough in the yard, 
and surrounded by cold water. The covers to the cans 
wert^ arranged so that the air could have free access to the 
milk, aud were lefl in this position until the milk was 
thoroughly cooled. Indeed, the cans were furnished by a 
creamery company, which followed the directions which I 
have previously giveu for the care of milk. Oo his firet 
visit to me, Dr. Mesic brought some of the milk from one 
of these cans, Tliia I examined, but failetl to find tyro- 
toxieon in it. 

" However, the family did not drink any of the milk from 
the cans. That which they did use was kept in the buttery 
which I have described. Here it stood upon a shelf, and 
some members of the family, at least, were in the habit of 
drinking from it between meals. This was especially true, 
it is said, of the son. He would frequently come from his 
work in the fields, go into the buttery and drink a glass or 
more of the milk. Mr. Evans states that he frequeutly 
observed that the taste of the milk was not pleasant. On 
my first visit to the premises I advised that some of the 
milk should be taken from the cans, allowed to stand iu the 
buttery over night, and be sent to me the nest day. This 
was done, and in this milk we found tyrotoxicou, not only 
by the employment of chemical tests, but by j^wjisoning a 
kitten with it. 

"On the dealhof the mother and son, Dr. Mesic asked for 

post-mortem, but the friends objected, and the undertaker 
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i DBed SQ arseuical embalming fluid, eo that, although conseDt 

I'was subseqiieDtly obtaiDed, it was decided that the exami- 

I nation would be so vitiated as to be worthlesB. Od the 

' death of the daughter, the eorouor summoned a jury ami 

held an inquest. The post-mortem was condiittol by Dr. 

George A. Heudricks, in the presence of the jury aod 

several physicians who had been invited. Dr. Hendricks 

I has Itindly furnished me with his report, which I present 

w here in full : 

P " The autopsy was held fifteen hours after death. The 
abdominal viscera wore firat examined. The great omen- 
tum was small, in normal position, covering the small 
intestine. The small intestine was moderately distended 
with flatua. The jejunum was ashy-green in color; the 
ilenm purplish -green. About eighteen inches from the ter- 
mination of the ilenm was found a diverticulum two inches 
in length. The small intestine contained very little ali- 
mentary matter. The vermiform appendix was free, con- 
tained some small fecal lumps, and showed no evidence of 
inflammation. The ctecum, ascending, transverse, and 
descending colon were empty and their circular fibres were 
tightly constricted, except at intervals where the iiitestine 
was distended with gas. The sigmoid flexure was moder- 
ately distended with gas, and the rectum contained small 
bits of fecal matter. The stomach was somewhat contracted 
and lay wholly upon the left side of the median line. It 
contained a few ounces of fluid. Its extremities were lignted 
and the organ removed. The mucous membrane of the 
stomach and intestine were not examined until they reached 
the chemist. The duodenum was distended with flatus. 
The liver was normal in size and appearance. The gall- 
bladder contained about one ounce of bile. The spleen was 
normal. One-half ounce of fluid deeply stained with blood 
was found in Douglas's cnl-de-sac. The uterus, Fallopian 
(tubes, and ovaries were deeply congested. The left ovary 
Tffas enlarged and presented on ita posterior surface a hemor- 
pliagic spot, oval, about one-half line in length, and several 
pther less distinct ones. The right ovary was normal in 
BJze and showed numerous Graafian sears. The ureters 
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and bladder were Dormal ; the latter contaiued a i 
amount of urine. The perilooetiiii, pancreaSj and kidneys 
were perfet-lly normal. 

" The thoracic cavity was next opened. The lungs were 
normal; there was about one-lialf ouuce of tree serum iu 
the left pleural cavity; none iu the right. Pericardium 
normal; right auricle in diastole; left auricle and both 
ventricles iu systole. 

" The dura mater showed venous congestion ; the arach- 
noid, normal ; the pia mater, congested. On the surface 
of the centrum ovale, small drops of blood oozed from the 
divided vessels. The lai^ veins of the velum interposi- 
tum were distended. Third and fourth ventricles were 
slightly distended with serous fluid, but the walls were 
normal. There seemed to be slight sollening of the optic 
thalami. The sub-arachnoid fluid was about twice the nor- 
mal quantity. 

" Ou examination of the raucous membrane of the 
stomach and intestine in the presence of the chemist. Prof. 
A. B. Prescott, nothing abnormal could be found. The 
membrane was stained with bile, but there was not the 
slightest redness. The solitary glands were distinct, but 
not at all inflamed. Peyer's patches were normal. 

"It will be seen that there existed no lesion which would 
account for the death. The venous congestion observed in 
the brain would follow from failure of the heart, 

" Some of the post-mortem appearances bore a striking 
resemblance to those which I had observed in cats poi- 
soned with tyrotosicon. This was es|)ecially noticeable in 
the condition of the mucous membrane of the stomach and 
intestine. Tyrotoxieon produces the symptoms of a gas- 
tro-intestinal irritant, but not the lesions. The contraction 
of the circular fibres of the intestine, which undoubtedly 
caused the constipation, I had also observed in cats that 
died from tyrotoxieon poisoning without either vomiting 
or stool.' The action of this poison upon the stomach and 

' Harsh reports a case in which the Bymptoins reBembled very ahxely 
tboM of rapidl; perforating typhlitis, but the poet-mortem eiajuiDiitio 
ihowed sbeoliilelj no evidenca of ChJE disesw or of peritoniUe. 1q &xt tl 
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ist be through the nervous system. Small 
dosea cause both vomiting and pulling, while after large 
doses vomiting may be impossible, and olBtinate constipa- 
tion may exist. Both the vomiting and pui^ing after 
small dosea are nndoubtedly due in part to increased 
activity of the circular fibi-es of the ranscular coats, induced 
through the nerves ; and the inability to vomit, and the 
constipation, one or both of which may be observed after 
large doses of the poison, are due to spasm of the same 
muscle.?, induced in the same manuer. 

"Prof. A, B. Prescott was requested by the coroner to 
analyze the material for mineral and vegetable poisons. 
He made analyses of the stomach and part of its contents, 
and & portion of the liver. His results were wholly nega- 
tive. 

"Novy tested a cold-water extract of the finely divided 
intestine for ptomaines. The fluid, which was acid in 
reaction, was filtered, then neutralized with sodium bi- 
carbonate, and shaken with ether. The ether, after 
separation, was removed, and allowed to evaporate spon- 
taneonsly. The residue was dissolved in water, and 
extracted agaiu with ether. This ether residue gave the 
chemical reactions for tyrotoxicon, and a portion of it was 
administered to a kitten about two months old. Within 
half an hour after the administration the kitten l>egau to 
retch, and soon it vomited. Within the next three hours 
3 noticed to vomit as many as five times. The breath- 
ing became rapid and labored. The animal sat with its 
head down, and seemed greatly prostrated. The pupils 
were examined, hut could not be said to be dilated. There 
was no pulling. The retching and heavy breathing, with 
evidences of prostration, continued more or leas marked 
for two days, after which the animal slowly improved. 

"A quantity of fresh milk was divided into five por- 
tions of one qusrt each, placed in quart bottles which had 
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been thoroughly cleaused, 
mamier : 

" No, 1 cousisted of the milk 
as u control test. 

" No, 2 was mixed with a drachm of vomited matter. 

"No. 3 was treated with a portion of the conteots 
the stomach, 

" No. 4 wiis treate<l with an aqueoua extrart of the 
festine. 

" No. 5 was ti'eated with a small portion of the 
which had lH>eu taken from tht 
up with water. 
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floor of the buttery, stirred 

"These bottles were placed in an air-bath, and kept at a 
temperature of fi'om 25° to 30° C. for twenty-four hours. 
Theu each was tested for ptomaines. No. 1 yielded no 
tyrotoxicon, while all of the others contained this poison. 
The tests were both chemical and physiological. All of 
the samples yielded a non-poisonous base when treated 
according to Briar's method, and the same substance was 
obtained from perfectly fresh milk. It is most probably 
formed by the action of the heat and reagents employed in 
this method. This base was obtained in crystalline form, 
aud several portions of it were administered to kittens 
without auy effect. The further study of this body will 
be of interest to toxicologists, because it gives many of the 
general alkaloidal reactions. At first we supposed it to be 
Brieger's neuridine, and this supposition may still be cor- 
rect, but, as we obtained it, it gave some reactions which 
are not given by neuridine. Further investigations will 
be made on this point. 

"Tyrotoxicon was obtained from the filtered milk by 
two methods: (I) The one which we have previously used, 
and which consists in neutralizing the filtered milk with 
sodium bicarbonate, and extracting with ether. That por- 
tion of the poison employed in the physiological tests was 
obtained in this way, aud in order lo be sure that uo poison 
came from the ether, the extract from the milk to which 
nothing had been added was given to a kitten, and was 
found to produce no effect. (2) The filtrate from the milk 
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was heated to 70° C, (158° F.) (tyrotoxicou decomposes at 
91° C. (195.8° F.)) for some miDiites, and filtered. This 
filtrate, which was perfectly clear, was treated with a small 
quantity of nitric acid in order to convert the tyrotoxicon 
into a nitrate, then pure potassium hydrate in the solid 
form was added until the solution was strongly alkaline. 
This solution was concentrated so far as it could be on the 
water-bath. (The potassium compound of tyrotoxicon is 
not decomposed below 130° C. (234° F,).) The dark 
brown residue, after cooling, was examined with the micro- 
scope and found to contain the crystalline plates of tyro- 
toxicon-potassiura hydrate, along with the prisma of potas- 
sium nitrate. The former was separated from the latter 
by extraction with absolute alcohol and filtration. The 
alcohol was evaporated to dryness on the water-bath, aud 
the residue again extracted with absolute alcohol. From 
this alcoholic solution tyrotoxicon was precipitated with 
ether. The precipitate was decomposed by adding acetic 
acid and heating, the tyrotoxicon being broken up into 
nitrogen and phenol. The phenol was recognized by pre- 
dpitation with bromine water, and by other well-known 
tests. 

" On October 8lh, the coroner's inquest, which had been 
adjourned after the post-mortem in order to await the re- 
siilfa of the analysis, was resumed, and after hearing the 
testimony in accordance with the above slated facts, the 
jury returned a verdict of death from poisoning with tyro- 
toxicon." 

Camman reports twenty-three cases of milk poisoning 
which he attributes to tyrotoxicon, although this poison 
could not be found in the milk. It may be that the active 
agent present belongs to the bacterial proteids. 

KiNNiccTT has isolated tyrotoxicon from milk which 
bad been kept for some hours in an unclean vessel. 

Poisonous Ice-cream, — In 1886, Vauohan and 
Now obtained tyrotoxicon from a cream which had 
seriously affei'ted many person at Lawton, Michigan. 
Vanilla had been used for flavoring, and it was supposed 
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that the ill-eftects were due to the flavoring. This belief 
was strengthened by the fact that a [wrtuMi of the custard 
was flavoi-ed with lemon, and llie leuoii cream did not 
affect any one unpleasantly. Fortunately some of the 
vanilla extract reraainetl in the bottle from which the fla- 
voring for the ice-cream had been taken, and this was for- 
warded to the chemists. Each of the ex j>erim enters took 
at first thirty drops of the vanilla extract, and no ill- effects 
following this, one of them took two teaspoonfuls raore, 
with no results. This proved the uon-poisonous nature of 
the vanilla more satisfactorily than could have been done 
by a chemical analysis. 

Later, it was tbund that that portion of the custard 
which had been flavored with lemon was froaen immedi- 
ately ; while that portion which was flavored with vanilla 
aud which proved to be poisonous, was allowed to stand 
for some hours iu a building, which is described as follows 
by a resident of the village : 

"The cream was frozen in the back end of an old 
wooden building on Main Street. It is surrounded by 
shade, has no underpinning, aud the sills have settled into 
the ground. Tliere are no eve-troughs, and all the water 
falling from the roof runs nnder the building, the streets 
on two sides having been raised since the construction of 
the house. The building had been unoccupied for a num- 
ber of months, consequeutly had had no ventilation, aud 
what is worse, the bacK end (where the cream was frozen) 
was last used as a meat market. Tlie cream wliich was 
affected was that portion last frozen ; consequently it stood 
in an atmosphere like that of a privy vault for upward of 
an hour and a half or two hours before being frozen." 

The symptoms observed in these cases are given by Dr. 
MoFiTT as follows : 

"About two hours after eating the cream every one waa 
taken with severe vomiting, and after from one to six 
hours later with pui^ing. The vomit was of a soapy char- 
acter, and the stools watery and frothy. There was some 
griping of the stomach and abdomen, with severe occipital 
licadache, excruciating backache, and bone pains all over, 
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especially marked iu the extremities. The vomiting lasted 
from two to three hours, then gradually subsided, and 
everybody felt stretchy, and yawned in spite of all resist- 
ance. The throats of all were oedematous. One or two 
wpre stupefied; others were cold and experienced some 
muscular spasms. A numb feeling, with dizziness sud 
momentary loss of consciousness, was complained of by 
some. Temperature was normal, and pulse from 90 to 
120. Tongue dry and chapped. All were thirsty after 
'the vomiting subsided, and called for cold water, which 
was allowed in small quantities, with no bad results. 
After getting out no one of the victims was able to be in 
the hot sun for several days, and even yet (about ten days 
after the poisoning) the neat aifects myself. I attended 
twelve persons, brides being sick myself, aud all were 
sSected in pretty much the same way. Several complaiu 
yet of inability to retain food on the stomach without dis- 
tressing them. The man who made the cream took a tea- 
apoonful of it, and he vomited the same as those who took 
a whole dish, but not so often or for so long a time. All 
are aiFected with an irresistible desire to sleep, which cau 
scarcely be overcome. Even yet, some of us feel that 
drowsy condition, with occasional occipital headache." 

The tyrotoxicou obtained from tins cream was adminis- 
tered to a kitten about two months old. Within ten 
minutes the cat began to retch aud soon it vomited. This 
retching and vomiting continued for two hours, during 
which the animal was under observatiou, and the next 
morning it was observed that the animal had passed several 
watery stools. Aft^r this, although the kitten could walk 
about the room, it was unable to retain any food. Several 
times it was observed to lap a little milk, but on doing so 
it would immediately begin to retch and vomit. Even cold 
water produced this enect. This condition coutiuuing, 
after three days the animal was placetl under ether and its 
abdominal organs examined. Marked inSammatiou of the 
stomach was supposed to be indicated by the symptoms, 
btit the examination revealed the stomach and small intes- 
tine filled with a frothy, serous fluid, such aa had formed 
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a portion of the vomited matter, and the mucous membrane 
very white and soft. There was not the slightest redness 
anywhere. The liver and other abdominal organs aeeme<l 
normal. 

A bit of the solid portion of this eream was added to 
some normal milk, which, by the addition of e^s and 
sugar, was made into a custard. The custard was allowed 
to stand for three hours in a warm room, after which it 
was kept in an ice-box uutil submitted to chemical analysis. 
In this tyrofaixicnn was also fouud. 

Tyrotoxicon lias since been found in some chocolate 
cnam which poisoned persona at Geneva, N. Y., and in 
lemon cream flora Amboy, Ohio. 

SCHEAitEK rejrorts the finding iif tyrotoxicon in both 
vanilla and lemon ice-<;ream which made many sick at 
Nugent, Iowa. 

Ali.aben reports poisoning with lemon cream, and 
makes the following interesting stateraeuts concerning it : 

" I would first say July 4, 5, and 6 were very warm. 
Monday evening, July 5, the custards were cooked, made 
from Monday morning's cream and Monday night's milk, 
boiled in a tin pan that had the bright tin worn ofT. It 
was noticed that one pan of cream was not sweet, but 
thinking it would make no difference, it was used; the 
freezers were thoroughly cleaned and scalded, and the 
custards put in the same evening while hot; the cream was 
frozen Tuesday aflernoon, having stood in the freezers 
since the night before, when the weather was very warm." 

No analysis of this cream was made, but the symptoms 
agree with those of tyrotoxicon poisoning, 

Welford observed several cases of poisoning from 
custard flavored with lemon. These custards were tested 
for mineral poisons, with negative results. 

MoEKOW has put forth the claim that ice-cream poison- 
ing is solely due to artificially prepared vanillin, which is, 
according b) his statement, used instead of vanilla extract, 
but the facts stated above concerning poisoning with creams 
in which other flavors had been used contradict this claim. 
Moreover, Gibson has shown the utter absurdity of the 
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claim, inasmuch as he calculates from the amount of flavor- 
ing ordinarily iiaed in ice-cream, that in order to produce 
the toxic symptoms observed, the flavoring must be ten 
times as poisonous as pure strychnine. 

Bartley suggests that poisonous cream sometimes 
results from the use in its manufacture of poor or putrid 
gelatin. This is highly probable, and witli the gelatin 
the germs of putrefaction may be added to the milk. 

PoisoNOua Meal and Bread. — Reference has already 
been made to the fact that the peasants in certain parts of 
Italy are frequently poisoned by eating mouldy corn-meal. 
As has also been stated, Lombroso and others have ob- 
tained from this meal ptomaines, some of which give the 
Sftme color reaction as strychnine. In 1886, Ladd suc- 
ceeded in isolating from " heated " corn-meal a ptomaine 
which forms in urea-liku crystals. The quantity was not 
sut&cient for an ultimate analysis, and the physiological 
action has not been studied. Poisoning from decomposed 
and moiildy bread is uot unknown. 
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The majority of diseases may be grouped from an etio- 
logical standpoint int« the following classes : (1) Trau- 
matic ; (2) infectious ; (3) autogenous ; and (4) neurotic. It 
must be understood, nowever, tliat in many diseasES the 
eause is not single, but multiple, and for this reason sharp 
lines of classification eaunot be drawn. For instance, the 
greatest danger in those traumatic aifections in which the 
traumatism itself does not cause death, lies in iufectiou. 
The woiuid lias simply provided a suitable point of en- 
trance for the infeeting agent. Indeed, the break in the 
twntinuity of tissue may be so slight that it is of import 
and danger only on account of the coincident infection. 
This is true in many cases of tetanus. Furthermore, an 
infectious disease, whether it originates in a traumatism or 
not, is markedly influenced by wliat we are plcaawl to call 
the idiosynci*asy of the patient, and by which we mean the 
peculiarities of tissue metabolism taking pla<« in the indi- 
vidual at the time. A dozen men may be exposed alike to 
the same infcftiou, and the infecting agent may find a suit- 
able soil for its growth and development in two of these, 
while in the other ten this same agent meets witli snch 
adverse influences that it dies without producing auy appre- 
ciable effects ; or all may hv infected, but with difference in 
degree, as is evidencwl by variation in symptoms, in the 
length of time that this infecting agent (sontinnes to grow 
and develop in the body and in the ultimate result. Lvery 
physician who has had experience in tlie treatment of 
typhoid fever, diphtheria, scarlet fever, or, in short, of any 
of the infc(*ious diseasts, will appreciate the importance of 
the personal equation in his patients. '^ 



m 




I RELATION TO INFECTIOUS DISEASES. 85 

■ Charkin and Eogkr have sliowii tliat white rats, 
WFhich are naturally immune to anthrax, become su9<tept!hle 
KirbeD fatigued by being kept on a small tread-mill. Kleven 
Krata were inoeulated with an anthrax culture ; five of these 
Kwhich were allowed to rest in the eage manifested no eymp- 
Ktoms of the disease, while six which were placet] ou t^e 
I tread-mill developed the disease and died within from 
twenty-four to thirty hours. The bacilli were fbuud in 
the liver and spleen of those which died ; and guineSr-pigs 
inoculated with these germs died. The infiueniie of the 
condition of health on susceptibility to the infectious dis- 
eases has also been shown by Leo, who found that mice 
which are naturally insusceptible to glanders, l>e<x)me highly 
susceptible when they are rendered diabetic by the adminis- 
tration of pliloridzin. 

That some neurotic affections originate from traumatism 
we know. That others of this class are lai^ly due to mal- 
I nutrition accompanied by improper metabolism or insufS- 
|pient elimination, or, in other words, are to some extent 
mtogenous, all believe. Understanding, then, that the 
Lbove clHssificatiou does not attempt a sharp and marked 
^iSerentiatiou of the raiusis of disease, we will now give 
^Our attcDtiou to a consideration of the cliemical faetors in 
bbe causatiou of the infectious diseases, and of the trau- 
matic, autogenous aud neurotica, in so far as these arc infiu- 
Kenced by intet^ion. 

r Recognizing tlie fact that germs do l)ear a mnsal relation 
to some diseases, the tpiestion arises, How do these orgau- 
iems produce ilisease? lu what way does the bacillus 
anthracis, for instani^, induce the symptoms of the dist^ise 

»and death? Many answers to this question have been 
<dFered. Some of the most important of these are as fol- 
lows: 
1. It was first su^!:ested by BoLLiNOEH that apoplecti- 
form anthrax is due to deoxidatiou of the blood by the 
bacilli. These germs are aerobic, and were supposed to 
deprive the reil blood-«irpuseles of their oxygen. This 

I theory waa suggested most prohnlily by the resemhlanii' iif 
the flymph,>ms to thowe of curlH.iuic acid jwi'siiniug. Tlic 
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moat promiDent of these symptftnia are dyspnnea, cyai 
eonvulsions, dilated pupils, subnormal temperatare, 
in general, the phenomena of asphyxia. Moreover, 
mortem examination reveals conditions similar to 
observed atler death by deprivation of oxygen. The veins 
arc distended, the blood is dark and thick, the jwreofhy- 
matous oi^ans are ej-anotrc, and the limgs hypeneraic. 
Bollinger eompared this form of anthrax to poisoning 
with hy<lroeyanif acid, which was then believed to produce 
fatal results by robbinj;; the blood of its oxygen. 

This theory was supported bv the observations of Szpl 
MAXN, who foimd that wliile the piitrefitctive bacteria I 
destroyed by ozone, tiio bacillus anthracis thrives and mi 
ttplies in this gas. 

This theory prc-aupposed a large uumber of bacilli in tho 
blood, and this accorded with the estimate of Pavaine, 
which placed the number at from eight to ten million in a 
single drop. But more extended and careful observation 
showed that the blood of animals dead from anthrax is 
ofttn very poor in bacilli. VlHc^HOW reported cases of 
this kind. Bollingbb himself found the l>acilli often 
confined to certain organs and not abundant in tlif blooil. 
Then Siedamghotkky conntwl the organisms in tlic bluod 
in various cases aud found not only that the estinuiti' iiiaile 
by DavainE is too large, but that in many instencta the 
munl»er preseut in the blootl is small. Joffroy ibuud in 
some of his inoculation experiments tliat tlic animals died 
before any bacilli appeared in the 1j1oo<1. TJieae and other 
investigations of similar chanicter b^;an to caiiHc workers 
in this field of research to doubt the truth of the tlnitry of 
Bollinger, and these doubts were soon injuvcrtcd into 
positive evidence against it. Pasteuk, in support of the 
theory, reported that birds were not susceptible to anthrax, 
and he accounted for this by supposing that the blood 
corpuscles in birds do not part with their oxygen readily. 
However, it was shown by Oemler and Feseb that the 
learned Frenchman had generalized fi-om limited data, and 
that many birils are especially susceptible to the disease. 
Oemler found that the blood even when rich in bacilli 
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still ix«s:'S3ea thii bviglit-rtnl folor of oxy-liieiiioglobiu, 
■ ToKPPER and RoixJFF rq)(>rted cases of apoplfetiform 
Panthrax in whieh thert' '"" 
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volume of oxygen, iiinl 1 
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difficulty in respimtion. 
liili had Iwen inoculated with 
iitiic iiir containing a large 
tluit this did not modify the 
Filially, Nencki dctoriuined 
idation going on in the iMxlics 
of animals sick with antiirax by estimating the ainuimt of 
phecol excreted aftiT the aduiinistratiou of ony gramme of 
benzol, and found that th<! oxidation of the beuzol was not 
diminiahe^l by the disease. Thus, the tlieory that germs 
destroy life by depriving the blood of its oxygen has been 
found not to be true tor anthrax, and if not true for 
anthrax, certainly it cannot be for any otiier known disease. 
The bacillus anthracis is, as has been stated, aerobic, while 
most of the pathogenic bacteria areauaerobiL — that is, they 
the alBenf^ of oxygen. This element is not new's- 
;ry to their existence, and, indeed, when prtsent in large 
Hint, it is fetal to them. Moreover, in many diseases, 
&e bacteria are not found in the blooil at ail. Laatly, the 
^raptoms of these diseases are not those of asphyxia. These 
mets liave caused all bacteriologists to aeknowlege that this 
.theory is not the right one. 

2. If a properly stained section of a kidney tnken from 
guinea-pig, which has been inoeulated with the bacillus 
ithracis, be examined under a microsrope, the bacilli will 
be found to be present in such lai^ numbers that they form 
emboli, whieh not only close, but actually distend the capil- 
laries and larger bloodvessels, and interfere with the normal 
innctions of the organ. A similar condition is sometimes 
found on microscopical examination of the liver, spleen, 
and lungs. From these appearances, it was inferred by 
SoIjIjINQEB that the bacilli produce the diseased condition 
simply by accumulating in lai^e numbers in these impor- 
it OT^ns, and mechanically interrupting their tunctioiis, 

IB known as the mechanical interference theory, 
EiiEBS an<] TouasAiNT were formerly ardent advocates 
if this theory in its application to anthrax, and the latter 
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thought that the symptoms and death arp due to stoppage 
of the piihiionani- (.'irfulation hv means of emboli. How- 
ever, HoFFA ^itdied this point by making numerous post- 
mortem exaniiiiations, ana viaa unable to confirm it. A 
like result followed the work of ViRceow, Colfn, and 
SiEDAiiQRnfTZKY, and the meeiianieal-interferenix' tlieorj' 
lias been abandoned. 

In the majori^ of germ diseases this theory never had 
any support. There is not foun<l any great aonimulation 
of bacteria in any oi^an, and the number and distribution 
of the germs are sach that the theory of niedianical inter- 
ferenoe cannot be held. 

3. Another answer given to the question, How do germs 
cause disease? is, that they do so by consuming the proteids 
of the body and thus deprive it of its sustenance. The 
proteida are known to be newasary for the building up of 
cells, and it is also known tliat microorganisms feed upon 
proteids. But this theory is untenable for several reasons. 
in the first place, many of tbe infectious diseases destroy 
life so quickly tliat tlie fatal effect cannot be supposed to 
be due to the consumption of any verj- lai^ amoimt of 
proteids. In the setxmd place, the distribution of the raicro- 
ot^nisms is sucii in many <liseases that they do not come 
in contact with any large proportion of the proteids of the 
iKidy. In the third place, the symptoms of the majority of 
these diseases are not those whicJi would l>e produced by 
withdrawing from the various organs their food. The 
symptoms are not those of general starvation. 

4. Still another theory, which has ijeen offered, is that 
the bacteria destroy the blood corpuscles, or lead to tlieir 
rapid dia integration. But in many of the infectious dis- 
eases, as has been stated, the microoi^nisms, although veiT 
abundant in some organs, are not present in the blooil. 
Morfover, the disinflation of the blood corpuscles is not 
confirmed by microscopital examination. 

5. Seeing the vital deficiencies in the alwve theories, and 
Iwing impressed by the resulte obtained by tlie chemical 
study of putrefaction, bat^teriologists have btVJj led to in- 
quire into the possibility «f the symptoms of the infectious 
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iiBeases being dut' bi fhcniical poiKiina. In iuvostigating 

' is theory, three prnisiliilitioB euggeat tliemat'lvis ; 

(a) The microorganiHiiis tiieinstilvfB may be poiBonoim, 
or the poisoti may be an initial jiart of them. Neelsen, 
at one time an advocate of this theory, thns aecountcd for 
the appearance and increase in violence of tlio aymptoms as 
the germs increase in number. In order for the conditions 
of thia theory to be iiilfilled the niieroorganisius must be 

resent in the blood betbre any of the symptoms uppear. 

lut in anthrax the moat thoroughly studied of all the in- 
fectious diseases, and the one tu whidi all these theories 
have been applied, the bacilli first appear in the bloo*!, as a 
rule, only a few hours betbre deatii, and long after the 
ipearanee of the first symptoms ; while in many other 
ises the germs are never ibtind in the blood. More- 
■, Bs HoFPA has shown, if this theory be true, the in- 
ion of a lai^e quantity of anthrax bai.nlli directly into 
the blood shoidd be followe<l immediately by symptoms of 
the disease, and death should be speedy. But he found, on 
making ejiperimenta of this kin*!, that the symptoms did 
not appear until from twenty-four to seventy-two honre. 
NenckI found hy analysis that the suhstanee of the an- 
thrax bacilli resembles vegetable rasein in some respects, 
and animal mucin in others. This " anthrax protein " is 
freely soluble in alkalies, is insoluble in water, acetic acid, 
and the dilute mineral acids. It contains no sulphur and 
was lielieved by Nencki to he inert; but the recent re- 
searches of BuOHNER has shown that this belief is not well 
founded. It ha-^ bt.'cn stated by a numlwr of investigators 
that suppuration might Ix; induced iiy the injection of cer- 
tain sterilized eulturts, but the dictum of Weic.ert, "no 
sappnratiou without bacteria," has liecn generally accepted ; 
andstattimenta to the contrary, although some of them have 
been made by men of excellent reputation, have until recently 
reeeivwl but little iTiiliiu-e. However, Buchneh has shown 
eoneiusivrly ili;it lln' ;illiuniinat«' of the liacterial i-ell in as 
many as wvcntii'n ditli-iTut s[xvii^ poaaesscs well-marked 
pyogenetic pi-npii-tics, ;iiid that the pua ibrnied is free from 
imis. BuciltiER si'pjuiiti/d the microorganisms from the 
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soluhlt' siilisUiuws aeroinjKjnyiMiftliom lij-si-'liiin'rilji 
(leiimMion, wattLed tlie cells, diasolvnl tluiti in :i O.o jn-r 
ivnt. solution uf potaali by tlie akl of hi-.it, ]irc<'i[iit:it4-'l tlif 
alliuniin witli dilute ntineral a«id, iuid, al'k-r rcixsik*! m- 
solutiitn in iilkali and reprecipitation with acid, eiuploycd 
the purifiwl proteid in his ejtperiments. Iiitroducea with 
antigeptiL' prcL-autions uiider the skin, this substance invari- 
ably muses suppuration. This demonstrates that the sub- 
stanec of the taoterial cell is not altogether inert. It is 
impoaaible at present to say to what extent the course of 
iin infectious disease may be influenced by the breaking 
down of a large number of bacterial cells and the intro- 
duetioD of their substance into the blood. 

(6) The raieroorganisms may be intimately associated 
with or may produce a soluble, chemical ferment, which, 
by its action on the bo<ly, produces the symptoms of the 
(Itsease and death. This theory formerly hatfa number of 
:irdcnt supporters, among whom miglit l>e iiifntionc-^I the 
eriiiiiMit scientist, DE Bary. But Pasteur pnivc! tlie 
thcin'y tlilsewhen he filtered anthrax blood thnjiigli cjirthcu 
cylimlrrs, inoculated animals with tlie filtrate, and failed to 
prmluee any effect. Nbncki made a similar demonstratiim 
when he inoculated a two per cent, gelatin preparation 
witli the anthrax bacillus, which liquefied the preparation, 
and on skmdiu;; the bacilli settle<f to the bottom. The 
supernatant fluid, which was clear, alkaline in reai-tion, and 
contained dissolved " a nth rax protein," was filtered and 
injeetctl into auiiiials without producing any effect.' , 

It must not Ik.' iiif'en-i'il from the above statements that 
Iwr-tiTia (111 not pnMluii' any ferments. Many of them do 
fi)rin both diasbitic and peptic ferments, which may retain 
their a(i.ivity alter the lacteria have been ilestroyed ; but 
there is no proof tliat in any case these ferments have any 
causal relation to the disease. After the diseased process 
has l)een inaugurated some of these ferments probably play 
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an important part in tlie proclurtion of inorpliolo^ical 
chauf^, the nature of which will l)0 indicahxl wlicn tliese 
dieeasee are discusscid. 

(c) Tiie gcTni may prorhuv chcniiral poisoua by splitting 
up preexisting complex mrtipoiinds in tiic Ixidy. This 
theory finds, in tlie first plais', strong an|>port in tlio well- 
known fad; that many of' tiie piitrei'aJ?tivo germs produce 
»lughly poieouotis bodies ; and, m the second plat*, the for- 
Siation of chentintl poisons will ac^-onnt for tlie appcaranLv 
of the syniptonia of the disease when tlie mitToorganisms 
never find their way into the blood. The twrrectnL-ss of 
this theory has Ijcen testwl liy a large nuiul>er of investi- 
gators, and with the result that its truth has Iwicn firmly 
establtslief]. It wiis soon found that pathogenic germs 
grown in meat broth and other culture media elulxirate 
chemical poisons which, when injected info the lower animals, 
induce in an acute form one or more of the symptoms chur- 

IiKtteristic of the disaise caused in man by the niicroorgiui- 
isui. It is true that until qnitc rwiently this theory has 
fceen oppcjscd by some, mid it is altogether possible that 
at present tlierc ni;iv lie tlifw:' wlif) are not idto^etlier (xiu- 
viwMl of it< truth. "Huwivcr, \\r ;irc imt ii<'i|Uiiiiitnl with 
any argument iij;iilnst. it wlii^h rriiiiiiiis uiiiiiif!wiT.>d. For 
a while BAir.M()AiiTi':.\ eliiinml that the fi.nuiiti.in of chcm- 
ictil poisons in the (had iiiatt^T of meat broth and other 
tnedia by the gtipui does not prove tluit the same agent is 
capable of forming the same or similar products within the 
living body ; but the isolation of tetunine fi-om Ihe aiupii- 
tated arm of a man with t*;'taniiB, by JIrieokk, furuisliHl 
the first positive answer to this eritieism, and since that 
tinie a numlxT of Iwi-ttTial poisons have been obtiiiuMl fiiiin 
the liodiefi of men and the lower aninials. We now ejipeet 
to find each apecifie, pathtigcnitr mierf)5rgantsm urodneing 
ItM eharai^teristic jioison or poisons. The evideni« on 
thifl point will l»e given further on in a brief skeb^h of the 
nhemical factors in the causation of sonic of the Itest-kuown 
infections diseases. 

Before taking up the intlivrdual diwascs, wc will give 
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what appwirs to iis, in tht- proBPnt atate (if nur koiiwledge, 
a (iorreet tlcfinitinu of an inicctious (liBPase. 

Aa infwtiouH disease arises when a Bjwcific, pathogpnic 
microor^aiilani, bavinji fjainwl aiiinittantv to the liixlv, ami 
having foimil tliu i'on(litions favorahlt', grows and niulti- 
plies, and in so doinj; claliomtcg a chemiral poison which 
indiirea its characteristic effects. 

In the systemic infectious diseases, such as anthrax, 
tj-phoid fever, and cholera, this poison is iindouhtetlly taken 
into the general circulation, and affects the central nervous 
system. In the local infectious diseases, such as gonorrhcea, 
and infectious ophthalmia, the principal action of the jwison 
seems to be confined to the plat« of its formation. Though 
even in these, when of a specially virulent type, the effects 
may extend to the general health. It may be that in some 
diseases the chemical poison has lx>th a local and a systemic 
effect Thus, it is by no means certain that the ulceration 
of typhoid fever is due directly to the Iwicillus. On the 
other hand, it is altogether probable that the anatomical 
clianges in the intestine result Irom the irritating effects of 
the poison at the place of its formation. 

With the proof, tliat tlie deleterious effctrts wrought by 
germs are due to chemical poisons elabonited by theni 
during their growtli, adniittt'd, let us inquire what proper- 
ties a niicroorganisni must possess before it can \k said to 
be the specific cause of a disease. The four rules of Koch 
have been generally conceded to be sufficient to show that 
a given germ is tlie sole and sufficient cause of tlie disease 
with which that germ is associated. Briefly, these rules are 
as follows ; 

1. The germ most be pR'Si'nt in all cases of that disease. 

2. The germ must be isolated from other organisms 
and from all other matter tiiund with it in the diseased 
animal. 

3. The germ thus fi-eetl from all foreign matter must, 
M'hen properly iutrodmwl, produce the disease in healthy 
animals. 

4. The micronrganisiu must ln^ liiund properly dis- 
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I tributwl in the aniinal in ivhii'h tliL' ilisifflas has liecn 

induced. 
[ Let us give our special attention to the first of thpse 
[ rules for a few nioiueuts. What is moant by the state- 
I ment that the special germ must be foiuid in every caee of 
I ihe disease? How will A, pursuing his studies ou the 
) bacteriology of a given disease in America, det:ide whd;her 
\ or not a bacillus which he finds is identical with one whieh 
t has been reported as invariably present in the samb disease 
I by B, who has Investigated an epidemic in Germany? 
What means are relied upon to prove the identity of these 
two organisms ? The means which have been relied ujKin 
wholly are the form, size, reaction with staining resents, 
manner of growth on various nutrient media, and, in ex- 
ceptional instances, correspondence in their effects upon the 
lower animals. In other words, with the exception of those 
3 in which the effects upon animals are tried, tlie 
characteristic property by which the germ causes the disease 
I ja left wholly out of consideration. It is admitted that any 
f causal relation which the germ may have to the disease is 
' due to its capability of forming one or more chemical poi-' 
■ Sons, and yet no attempt is made to ascertain whether or 
not it poBrtesses this property. Indeed, some of the most 
' eminent bacteriologists have taught that in the identifica- 
L tion of germs tlie reactions with staining reagents and the 
j appearance of the growtlis on the various nutritive meilia 
F more importance thnn the observation of the effects 
upon animals. Thus, FLiiGUE says : 

"Inocalation experiments with both typhoid dejections 
and pure cultures of the Eberth liM^illus have universally 
been withoiit success. The few experiments in which a 

»^^hoid disease has followed inoculation or feeding have 
b^n made with impure material wntaining other active 
bacteria. It is known that a group of widely distributed 
organisms, which, however, are wholly different from the 
typhoid Imcillus, have the power, when injected subcu- 
taneoualy or intravenously, of producing in animals death 

I with markcl swelling autl ulceration of Pej'er's patches. 
To these organisms uiidouhtctlly ai-e due the apparently 
. 
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poaitive reaiilts which some iiutlinrs liavc 8upi«)Swl ti> be 
due to inopulatiou with the typhoid bacillus," 

In other words, this caiinfnt iiuthor tcat^hcs that although 
other germs may ra,iisi' the essential symptoms and lesions 
of lyphoid fever in the lower animals, tliey are nut related 
to the germ found in the spleen of num after death from 
typhoid fever, Iwiainae they do not reaet in tlie same man- 
ner with the auilm stains, and presuut a different appear- 
jinee in fiieir growths on potatoes. 

We will aupposu that in an epidemie uf diphtheria, A 
examines the mumhrane from a hundred, or we might as 
well supjxffie a thousand, ehildreu, and finds a cLa meter istic, 
well-marked, easily reeoguized iKieillus in all. He isolates 
this organism, and obtains it in piire culture. He inocu- 
lates animals, and these manifest all the signs, together with 
the appearance of the eharacteristie membrane of diphtheria, 
and in tiiese animals he finds Ids baeilliis growing as in the 
throats of the children. All the rides of Koch have been 
complied with. Has A demonstrated that his bacillus is the 
safe cause of diphtheria ? No. He has shown that his 
bacillus ia a cause of diphtheria ; but he has not proven 
that there may not be other germs, wholly different from 
his in form and size, which may also «iuse diphtheria. 
The most which can lie proven hy Koc'ii'g mles is that a 
given germ is a cause of a certain disease. They do not 
show, as most bacteriologists would have ns believe, that 
the given germ is the sole cause of the disease. 

To illustrate, we will suppose that a botanist in visiting 
Arabia should find a tree producino; a berry, the eofi'ee 
berry, which, when properly prepared and taken into the 
system, produces certain ettects which are due to the alka^- 
loid, caffeiu, and which inviiriahly follow the drinking of 
a deoortion of these Iwrries ; would our supposed discoverer 
be justified in concluding that the coffee tree is the only 
plant in the world capable of producing these supposed 
characteristic effects '? Should he reach such a conclusion, 
the fact that it ia not warmnted would be shown by a study 
of the tea plant of China and the guaraua of South America. 

The momeut tliat it is graut«il that the real poison of the 



I 



I 



RELATION TO INFECTIOUS DISEASES, !1o 

disease is chemicai in character, it becomes evident that no 
oiiB is jtistiEed in saying that one germ is the aolt; souree nf 
that po'son. Such a s^tement would be as unwarranted 
as one that the coffee tree is the sole source of caffein, or 
that the strychnos Ignatii is the only species of the nat- 
ural order Loganiaceie which produces a convulsive poison. 
In other words, the specific cause of a given disease is not 
to be determiuwl wliolly by the morphology nf the germ, 
but by the eliaracter of tlie chemicjil poison which is the true 
mater les morbi. 

Baiiteria <nnnot be classified, so fur as their eauBal rela- 
tionship to disease is cttneerncd (and ttiis isi the most im- 
portent knowledge to be gained from them), until we know 
the nature of their chemical products, for it is by virtue of 
these that the germs have auy causal relationship to dis- 
ease. 

It is jKissible that two germs may Ije unlike in form, aud 
yet they may produce poisons which are identical or those 
which are very similar in their effects upon man. One 
germ may be stained by Gram'b metliod an<l another fiiil 
to be acted upon when so treated ; but this does not prove 
that their chemical products are totally unlike. This is 
not only a possibility, it is a fact which has been demon- 
strated repeatedly, both with pathogenic and non -pathogenic 
organisms. A i'aw illiistratrons may be given here : The 
yeast plant ia not the only microorganism whicli will pro- 
duce alcohol in saccharine solutions. The same product 
results from tlie growtli of the batierium Bischleri, bac- 
terium coli commune, bactiTium ilei, liacterium ovale ilei, 
barterinm lactis aerogenes, and others (Nbncki). Mor- 
phologically, there are marlied diflerences between the yeast 
Slant and tliese bacteria, but they alike produce alcohol. 
[ore than a dozen germs, including both micrococci and 
bacilli, are capable of generating lactic acid. Some of these 
produce an acid which is optiotlly inactive ; others, one 
which is dextro-rotatory; andothersstill, one which is Imvo- 
rotatory. The tetanus germ of Kitasato and that of 
Tlisaom and CantANI are known to [» diH'erent. Cultures 
of the former in tiouillon are virulent, Avliile those of the 
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latter in the s«me uwdium ant inprt, 'Not only i 
two organisms morpliitlogi tally and hiolonically distinct, 
but tlicir poisons are ehemioilly unlike, Bbieger and 
FkXnkbl precipitated the poisonous allniniin of the germ 
"f KiTASATO with alcohol, but this reagent renders the 
poition of the Italian germ inert. Notwithstanding this 
I lirterenw, however, lx)th miflroorgan isms and their cheraical 
pnidiictfl pnjduw tetanic convulsions ami death in the lower 
iuiiuiale. We must, therefiire, mlniit that tiiere are at least 
two distinct germw, each of whicii is i^ipiible of causing 
Ictanus ; and how many other bacteria with like properties 
(here may be no one can tell. All attempts to find a mor- 
pholofjk^ily specific gcrni in the sunmier diarrh(i?as of 
infimey have failed. The lal>ors of Booker in this coun- 
try and of EhCHERIuh in (icrmany iiave shown that no 
one species or variety is couHtantly present. No less than 
thirty distinft germs have Ih-pu obtaine*! from the bowels 
anil feces of cbiliimi wiHiTtng from these diarrhiras. A 
germ which is fri'i|uciitly jn-i'sent one sijason may not be 
found at all thi' nrxt. Arc wc t^i conclude from this fail- 
ure to wmply with tlic firft of Kof^H'a rules, that the sum- 
mer dtarrJKias of infency are not due to niicrootganisms? 
Certainly not ; especiiilly in view of the fa<'t that Baginsky 
and StadthaobN have obtained from pure cultures of n 
saprophytic gefm foimd in the stools of cholera infantum a 
poisonous base and a poisonous jtnitfid ; and Vaughan 
has shown that at least three of B(kiker"8 ba<'teria pro- 
duce chemical poisons which cause in kittens ret^-hing, 
vomiting, purging, collapse, and death. To the contrary 
wc arc justified in concluding that these diarrhceas may be 
due to any one or more of a nimiU'r of germs which difler 
from one another sufficiently morphologically to t>e classified 
as distinct species. The similarity among these bacteria 
will not be discovered by a stndy of their size, form, and 
reactions with staining agents, but by a study of their 
cheraical products, the agents byvirtuc of which they cause 
the disease. 

We think that we are justified in concluding that in 
those diseases in which the four rules of Koch have Ik'cd 
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complied with, the germ is a cause of the disease, but our 
range of observation must i>e much wider than it now is 
before we can say that the given germ is the only cause of 
the disease. 

We believe that those few infectious diseases, such as 
anthrax and tuberculosis, which have such well-miirked, 
typical, clinical histories, are due to equally well-marked 
and morphologically distinct microorganisms which can be 
recognizm by microscopical study alone ; but we do not 
believe that this is true in diseases showing such wide vari- 
ations in Kymptonis as is the case in typlioid fever and 
cholera in&ntum. 

In ail cases, we insist that the true test of the spetnfic 
character of a germ is to Ijc made with its chemical pro- 
ducts. A given bacterium may not multiply in the circu- 
lating blood of a dog, and failure to do so is by no means 
proof that the same organism might not cause disease in 
man ; but every germ which aiuses disease in man does si> 
by virtue of its chemical protlucts, ami if tlieac be isolat»l 
and inja'fced into the dog in sufficient quantity a poisonous 
effect will be produced. In the study of the bacteriology 
of the infeo-tiouB diseases, tlie third and fourth of Kooh's 
rules have not been complied with in many diseases on 
account of the insusocptibdity of the lower animals. The 
majority of investigators, meeting with this difficulty, have 
been inclined to rest content with the first two rules, and 
to conclude that when a given germ is constantly present 
in a given disease, and not found in other diseases, that it 
18 the cause of the disease with which it is associatetl. In- 
deed, we find so good an authority as WbIjOH stating that 
the successful inoculation of animals is not necessary in 
order to prove the causal relationship of a germ to a disease. 
In 1889, Vaughan suggested that in those instances in 
which the third and fourth of Koch's rulescannot be 
complied with on account of the insusceptibility of the 
lower animals, it must be shown that the germ can pro- 
due* chemical poisons which will induce in the lower 
mala in an a«ute form the characteristic symptoms 



owcr ani- 

ms of the j 



9S BACTERIAL PUISONS. 

disEase, before tlie proof that the given germ is the c 
of the disease be accepted as positive. 

Heretofore, the science of harteriology has betai largely 
founded upon moqjhologiral studies. Bacteriologists have 
given their time and attention to the discovery of bacterial 
forms in the diseased organism and t*> oltservations of char- 
acteristics in struntare and growth of different speci<?s of 
IxicteTial life. We must now study the physiolt^iiy and 
chemistry of the germs, and until this is done we uiu»t 
remain ignorant of the true cause of disease, and an long 
as we remain ignorant of the cause, it tainnot be expected 
tliat we shall tliarover scientific and successiul methods of 
treatment. Suppose that nur knowledge of the yeast plant 
was limited to ils Ibrtu and mctho<l of growth ; of how little 
practical importance this knowledge would lie. That the 
yeast plant reiiuires a saccharine soil liefore it tan grow, 
that given such a soil it produces carlwnic acid gas imd 
alcohol, are the most important aud praftical facts which 
have Iteen ascertained in its stuilv. Likewise, the condi- 
tions under which pathogenic germs uiultiply and tliii pro- 
ducts which they elaborate in their multiplification must 
be ascertained before tlieir true relationship to disease can 
be understood. 

In saying that the niorpliological work upon which the 
science of bacteriology rests almost wholly is madwinate, 
we wish that it may be plainly understood that we iire not 
ofiering any hostile criticism upoQ the groat men who have 
done tills work and who have formulated conclusions there- 
from. The development of bacteriolog\' lias been in accord- 
ance with the natural law governing the growth of all the 
biological sciences. The study of form naturally mid neces- 
sarily precedes the study of function. The ornithologist 
finds a new spe<fie8 of bird. He first studies its shape and 
size, the color of its plnni^e, the fonn of its beak, the 
number and arrangement of the feathers of tlie tail and 
wing, the color of the eyes, etc. All this he can do with a 
single specimen, rect^iiiziug the fact, however, that varia- 
tions more or hss marked are likely to be found in other 
individuals. More time and wider opportunities of ob- 
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servation will be ncfdwl ix'fltri' he can tell where and when 
tills bird is accustomed to build its nest, upuu what iusects, 
grains, and berries it feeds, with what other species of birds 
it lives in peace aud with what it is at war. A much 
greater range of observation and study is necessary before 
the naturalist can tell how his newly discovered species 
would thrive if carried to a new climate, where it would 
be compelled to live upon unaceustomed food, to build its 
nest of strange material, and to ejits)unter new foes. 

We repeat that it is no discredit to the science nor to the 
men who have developed it to say that the study of bac- 
teriology has hitherto been almost- wholly morphological. 
Without the morphologist the physiolcgist and the physio- 
Ic^ieal chemist could not exist. The science havmg had 
for its support only morphologit-al studies, the deductions 
and formulated statements arrived at by its students have 
been reached in accordance with the knowledge obtaiued 
from this source. But now, it being admitted that the 
cauBal relation between a given germ and a certain disease 
is dependent upon tlic tJiemical products of the growth of 
the germ, the fiindamcutal lines of work must Ixi altered in 
order to correspond with this new knowledge. 

The study of the chemieul fa<1«r3 in the causation of the 
infectious disoisea o{)ens up for us a field in which much 
work must l>e done. I^et us attempt a statement of the 
■nature of some of the researches tliat must be {sirried out 
along this line. 

In tlie first place, we must asi^rtain what germs are toxi- 
cogenie, Thiswouldneeessitateachemicalstudy of all kinds 
of bacteria, hotli the patliogenic and the non-pathogenic. 
Every fact ascertained in this investigation will not liave 
its practical application in medicine, but will have its 
sdentifie value, and many will most probably be of more 
or leas direct service to man. 

Secondly, it must be determined under what conditions 
these germs are toxieogenic, Itisnotatall probable tliat all 
those bacteria whieli arc capable of producing poisons when 
grown on dead mat^^'rial outside of the body are also eajjable 
of multiplication iuid tlic [woihiction of thcsume f-ulistances 
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when under the infliienw of the various soeretioiis of t 
Ixxiy. Some liarteria are destroyed by a normal giistrie 
jiiiff within a short time, while others are not. The (xm- 
ditions of life and growth are ditferent when the iniectiug 
agent is introduced into tlie blood from wliat they are when 
infection occurs by the way of the alimentary c^anal. This 
is well recognized in the two forms of anthrax, one of which 
aris(« from inoculation through a wound and the otJicr by 
way of the infe'stines. A preventive frciilinent wliii'li is 
efficient in one is of no serviif iii tlic ullicr. Tlicn, ;ii>;ain, 
we are to study those t^nditiims of tlic lilood and other 
fluids of the body which are cspeeiidly nntiivorable to the 
sueccssfiil implantation or the continued existence of an 
infectious disease. 

Thirdly, the eliemical properties and the physiological 
action of these poisons will demand careful attention. Some 
are especially depressing in their action upon the heart, 
ntlicPB seem to manifest their chief energy upon the central 
nervous system, while others stili act like true gastro- 
intestinal irritants. In the study of the toxicological effects 
of these liad«rial jxjisons every method of investigation 
known in the moat advanced physiologiial work must be 
employed. The artion of these j^ente on the heart, the 
brain, the spinal corcf, etc., must be thoroughly studied. 
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We will now give our atkintion to the clieniiLol poisons, 
both the ptomii'inee and the proteids, of some of the infec- 
tious diseases, and in doing this we will illustrate and sub- 
stantiate the statements made in the preceding chapter. 

Anthrax. — The definition of an inft-ctious disease, as 
we have given it, is well illustrated by the iiicts whieh have 
been learned eoni^iming the taiisation of anthrax, which 
lias proi>ably been more thoroughly studied than any other 
infe<*ious disease. Kaurch taught that tliis disease has its 
origin in paralysis of the nerves of respiration. As to the 
cause of this paralysis he gave us no information. Dei^Afond 
thought that antlirax has ita origin in the influence of the 
diemical comjxjsitiou of the soil affet^ing the food of ani- 
mals and leading to abnormal nutrition. The investigations 
of GehlaCh in 1845 demonstrated the contagious nature 
of the disease, which was emphasinefF by Heusingeh in 
1850 and accepted by Virchow in 1855, However, as 
earlyaa 184fl, Pollekder fiiund numerous rod-like micro- 
organisms in the blooil of animals with the disea^'. This 
observation was etinfirmod by Brauei.L, who producL'd 
the disease in healthy animals by inoculations with matter 
taken from a pustule on a sick horse. Attempts were made 
to ridicule the idea that thrae germs might be the cause of 
the disease, and it was suid tlnit the liodics seen were only 
fine shreds of fibrin or blimd (■r\-.t;il-.. S.iiiic claimed that 
the rcMl-like orgunisnie rqinrtitl \m rr due to dctiicts in the 
glass, while others daimi'.l that the <l-\\ftn existed in the 
eye of the ohsiTver, and others still '*uggcHt<''l that the de- 
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DavAINK sIkiwmI tictt tii.'sr littlv luxiifS miist 
Imve Home cjuibiiI n-liilinn Ui tlir (iisi>:i>i', iiiiisniucli aa his 
exiH'riniPiitB proved tluit imwiilulioii uf liciiltliy iinimals 
witli the blooil of thiJse sick witli aiithrux jirtKhiced llic 
disease only when taken at a time wlifii the IjIiwhI cmi- 
tainetl tiieae oraunisnis. He aleo derooneti-ated Uyoiul any 
question that these rwUlike Ixwlies are bacteria, «apiil»le of 
growth and multiplication. The conclusions of this invisti- 
)rator were (X)mlmtcd by many ; but Pasteur, Koch, 
BoLLiNQER, DE Babey, and otiiers, studied the morph- 
ology and life-history of these oi^^anisms, am! then came 
the brilliant results of Pastbur and Koch in securing 
protection a>^inst inoculation anthrax by the vaccination 
of healthy animals with the modiJied germ and subsequent 
inoculation with the virulent form. Now, the liaeillus 
anthracis is known in every iKuteriological laboratory, and 
by inoenlatiou with it the disi'as;' is communicated at will 
to susceptible animals. But here the question arusi', ir(i\v 
do these bacilli produw anthrax? and in answer tn this 
question the various theories wiiich we have nicntiiined 
were proposed. 

The first auuccHa fill attempt to study the chemical poisons 
of anthrax was niatle by HoFPA, who olitainetl from puru 
cidturcs of the bai'illuB small quantities of a ptomaine, 
which, when injected under the skin of auimals, produws 
the symptoms of the tlisease and death. This substance 
causes at first increased respira.tioD and act' on of the heart, 
then tlie respirations become dei'p, slow, and irrcfjular ; 
the temperature tails below the normal ; the pupils are 
dilated, and a bloody diarrhcea acts in. On section the 
heart is ibund i.'ontractL'd, the blood dark, and eecbymoses 
arc ol>aerved on the pericanlium and peritiineum. Hoppa 
names his poison anthraein. Recently Hof pa has isolated 
this poison froui tlic hodic- of animals dead from anthnut. 

It has liecii ^,inl tli:it I lorFA's work was the first suc- 
cessful attcMi|)l III ~U\<U the chemical poisons of anthrax. 
However, liih n^iilt.s i-auunt lie considenxl altoip'ther ssitis- 
■fectorv. The small amount of the basic suhsfaniif which 



he obtaini'd rendered it highly probable that in the case of 
a germ so virulent as tliat of anthmx there must ix; other 
chemical poisons produced. This supiwsition has l)een con- 
firmed hy the labors of Hankin, wlio, in 1889, while at 
work in Kocil's lalwratory, prepared from cultures of 
the bacillus anthracis an alliiimose which, when employed 
in comparatively large amount, proved fiitai to animals, 
but when used in very small quantity gave immunity 
against subsequent inoculations with the living germ. 
Unfortunately, Hankin docs not mention the symptoms 
induced by toxical doses of this substance. Whether or 
not the albumose of Hankin contains in statu naecendi 
the base of Hoffa, and owes its poisonous properties to 
tlie same, has not been determined. 

Beiegbb and Frankel obtained the poisonous proteid 
of anthrax from animals in which the disease had been 
indueed by inoculation with the imcillus. The liver, spleen, 
lungs, and kidneys of these animals were finely divided 
and rubbed up with water. After this had stood in a 
rcfrigonitor for twelve hours it was passed throu^li a 
Chambcrland filter and the proteid precipitated from the 
filtrate with absolute alcohol. 

Martin, by growing the anthrjx Imuillus for from tt'n 
to fifteen days in an alkaline albuminate fn}ni blood scrum 
and filtration through porwlain, obtains the following 
metabolic proihicta : 

1. I'rot^Mdbiiniose and deiiteroalbuinose and a tnu* of 
peptone. All of these react cliemieally like similar sub- 

s prepared by peptic digestion. 

2. An alkaloid. 

3. Small quantities of leucin and tyrosin. 

The most charaeteriafcie property of the albunioses is that 
ih&T solutions are strongly alkaline, and the alkalinity is 
not removed by treatment with alcohol, benzol, chloroform, 
or ether, or by dialysis. 

The alkaloid is soluble in water, alcohol, and aniylic 
alcohol ; insoluble in chlon;>fbrm, ether, and V>enzol. Its 
solutions are strongly alkaline and the alkaloid forms crys- 
talline salts with iicids. It is precipitated by the general 
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iilkaloidal re^feots, witii the exception of |K)ta.sKio-mer curio 
iixlide. It in somewhat volatile antl loses its poisonous 
properties on exjiosure to the aii". 

The mixed albumoses are poisonous only in (.'oiisiii<?rable 
(loses, 0.3 gmnime being required to kill a mouse of 22 
grammes weight when injected snbcutaneously. Smaller 
closes cause a local nedenia and a somnolent condition, from 
which the animal recovers. The larger doses produce a more 
extensive redema and the somnolence deepens into coma, 
terminating in deatli. In some cases the spleen is enlarged. 
The absence of germs was demonstrated by plate cultures. 
The alkaloid causes similar symptoms. It is, however, 
more poisonous and acts more rapidly than the albumoses. 
The animal is affected immediately aftpr the injection, and 
the gradually increasing coma terminates in death. The 
alkaloid also produces cedema, and in many cases throni- 
bosis of the small veins. Extravasation into the peritoneal 
cavity is 0(!rasionally seen, and the spleen is ordinarily 
enlarged and filled with blooil. The fabil dose for a mouse 
is from 0.1 to 0.15 gramme, deatli resulting within three 

This alkaloid dues not appt".ir to Ihi idenficjil in its action 
with the anthraciu of Hoffa. 

Asiatic Cholera, — There are good rtasons, apart from 
experimental evidence, for believing that the (wmma liacillus 
of KooH produces its ill effects by the elaboration of diemi- 
eal poisons. This germ is not a blood parasite. It grows 
only in the intestine, and the sympt()ra8 of the disea^ and 
death must result from the absorption of its poisonous 

Croducts. In confirmation of this statejiient experiment 
as shown that this is one of the most attive, chemk«lly, 
of all known patlw^enic germs. 

In the first place, Bittkr has shown that the comma 
bacillus produces in meat-peptone cultures a peptonizing 
ferment, which remains active afcr the ui^nisin has been 
destroyed. Like similar chenilail fermente, it converts an 
indefinite amount of coagulated albumin into peptone. It 
is more active in alkaline than in aciil solutions, thus 
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^ resemblmg pancreatin more than pepsin. This resem- 
blaace to pancreatin is fiirther demonstrated by the fact 
that its activity ia increased Ity the presence of certain 
chemicals, such as sodium carbonate and aodium salicylate. 
That a diastatic ferment is also produced by the growth of 
the bacillus was indicate! in the expei'imente of Bitter by 
the development of an acid in nutrient aohitious contain- 
ing starch paste. However, all attempts to isolate the 
diaatatie ferment were unsnccessfiil, A temperature of 60° 
destroys or greatly decreases the activity of ptyalin, and 
this seems to be trne also of the diastatic ferment produced 
by the comma bacillus. But the formation of an acid from 
the starch pre-supposes that the starch is first converted into 
a soluble form. 

Fbbmi has succeeded in isolating the peptonizing ferment 
of the cholera germ in the following manner : 65 per cent, 
alcohol added to gelatin which has been liquefied by the 
bacillus precipitates the proteid, but not the terment. After 
twenty-four hours the precipitate is removed by filtration 
and the ferment precipitated from the filtrate by the addi- 
tion of absolutd ali-ohol. After being n^Uarttd on a filter 
and tlrieil the ferment 19 dissolved in an aqueous solution 
of thymol and its peptonizing properties denionstratetl on 
gelatin tulws. 

RiETsCH Iwlieves that the destructive changes observed 
in the intestines in cholera are dne to the action of the 
peptonizing ferment, 

Cantani injected sterilizwl cultures of the comma bat^il- 
lus into the peritoneiil eaviti«^ of small dogs and observed 
after from one-quarter to one-half hour the following symp- 
toms : Great weakness, tremor of the inusclee, dnxjping of 
the head, prostration, convulsive contratrt^ions of the pira- 
terior extremities, repeated vomiting, and cold head and ex- 
tremities. After two hours these symptoms began to abate, 
and after twenty-four hours recovery seemed complete. 
Control experiments with the same amounts of iminfected 
beef-tea were made with nf^ative results. Tlie cidturce 
used were thi-ee days old when sterilizp<1, ()Idi>r cultures 
sifuuil less p-jisoriiinH and a liigli it pnilungiti heat in 
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sterilization d€t'r«isp(l lln' loxicity of the Huid. From th«ee 
ikcta Cantani coni-lmkil that tlio iHiisouoiis principle is 
volatile, but the etfei't of liii;li or iiriilniifirtl htat in dimin- 
iBhing the toxicity' was more proltiilily due to its dpstructive 
effect on the poisonous proteida. 

Cantahi also olistrved that the bioo*l of those stck with 
eholera is acid : this has been confirmed by Sthauss by 
the examination of the blood direetly after deatli ; and 
Ahbknd found lactic acid in the strongly atid urine of a 
cholera patient. 

NiCATi and Rietsch produeed fatal efia-ts in dogs by 
injecting cultures, from which all germs liad been removwl 
by filtration, into the bloodveawls. Later, the same inves- 
tigators olrtained from old liouilloii cultures containing 
peptone a poisonous base. Ermenqen also showed that 
cultures after filti^tion through a C'hamberland filter are 
poisonous. 

Kleb8 has atfcinped to answer experimentally the ques- 
tion. In what way does the cholera germ prove harmful ? 
Cultures of the bacillus in fish preparations were acidified, 
filtered, the filtrate evaporated on the water-lMith, the residue 
taken up with alcohol and precipitated with platinum ddo- 
ride. The platinum was removed with hydrogen sulphide, 
and the crystalline residue obtained on evaporation was 
dissolved in water and injected intravenously into rabbits. 
Muscular contra<'tions were iudutwl. Death followed in 
one animal, which, in addition to tlie almve treatment, 
received an iujeetion of a non-steriliMxl culture. In this 
case there was observeil an extensive adcification of the 
epithelium of the nriniferous tubuUs, Klebs believes this 
change in the kidney to be induasl by the chemical poison, 
and from this standpoint he explains the symptonjs of 
cholera aa follows : The cyanosis is a consequence of arte- 
rial contraction, the first effect of the poison. The nius- 
nilar contractions also result from the action of the poison. 
The serous exudate into the intestines follows upon epithe- 
lial necrosis. Anuria and the sulise(}uent symptoms appear 
when the formation and aljsorption of the poison b«!oi 
grciitcst. 
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HuEPPE states tliat the severe symptoms of eholent can 
bo explaine<i only on the snpposttion that the bairilli produce 
a chemica! poison, and that this poison resemhlcs muscarine 
in its action. 

Vii,i,iEB8 isolated by the Stas-Otto method from two 
boilies dead from cholera, a iKt-sonona base which was liquid, 

fungent to the taste, and possessed the odor of liawthorn. 
t was strongly alkaline, and gave precipitates with the 
general alkaloidal reagents. From one to two milligramraeB 
of this substance, injected into frogs, caused decreased 
activity of the heart, violent trembling, and death. The 
heart was found in diastdlf, ;iii(l I'lill of blood, and the 
"brain slightly congested. Howc\-cr', the presence of this 
substance in the boiIics ol' persons who have died of cholera 
does not prove that ita production is due to the cholera 
bacillus. 

PoncBET extractod from cljolera stools, with chloroform, 
an oily base belouging to the pyridine series. It readily 
reduces ferric as well as gohl and platinum salts, and forms 
an easily decomposable hydrochloride. It is a violent poison, 
irritating the stomach, and retarding the action of the heart. 
Snbsequently, he oijtaincd an apjiarently identical substance 
from rultures of Koch's comma bacillns. 

In 1S87, Brieqer made a report of his studies on the 
chemistry of the cholera bacillus. He used pure cultures on 
beef-broth (fleischbrei), which was rendereil alkaline by the 
addition of a 3 per ccjit. soda solution. These were kept 
at from 37° to 38°. After twenty-four hours, cadaverino 
was found to !)e present. Older cultures furnished very 
small quantities ol putrcscine, but cultures on blood-senini 
yielded much larger amounts of this base. While cada- 
verine and putrescine cannot be said to l)e poisonous, they 
do cause necrosis of tissue into which they are injected, and 
their formation by the cholera Ijacillua may account for the 
necrotic tissiie in the intestine in tlie disease. The lecithin 
of the beef-broth was slowly acted upon by the germs, but 
with age tlie amount of choline increased, reaching its 
maximum during the fourth week. 

Caaitinc proved still nioR' resistant to tlie action of the 
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germs ; hut, aft«r six weeks, a considerable quantity of 
creatinine was isolated, and a smaller amount of metliyl- 
guanidine. The latter is very poisonous, causing mustailar 
trejuors and dyspufea. The presence of m(;thyl^;uanidine 
indicates that the (»mma bacillus at^ts as an oxidizing agent, 
since creatine yields methyl-guanidine only liy oxidation. 

Bbieogr sui'ceeded in finding, in addition to the above- 
mentioned ptomaines, which are common pniducts of putre- 
fac-tioo, two poisons which he considers as specific products 
of the comma bat'illus. One of these, ibund in the mer- 
curic chloride precipitate, is a diamine, resembling trime- 
thylenediamine. It produced muscular tremor and heavy 
cramps. In the mercury filtrate was found another poison, 
which, in mice, produced a. lethargic condition ; the respira- 
tion and heart's action became slow, and the temperature 
sank, so that tlic animal felt cold. Sometimes there was 
bloody diarrhoea, 

Briegeh aud Fhankel found that the insoluble proteid 
which they obtiiined from cultures of the cholera bacillus, 
when auspenikil in wat^T and injech>d sulieutaneously in 
giiinea-piga, eansetl death after fi-om two to three days. 
Section showed inflammatory swelling and redness oi' the 
sulx^utaneous tissue, extending into tiie muscles for some 
distance about the point of injection, but no necrosis. 
There was no change in the intestines and no efiusion into 
tlie peritoneum. In some instances thei-e were evidences 
of beginning fattj' degeneration of the liver. Ujion rab- 
bits this substance, even in large doses, was without effect. 

In endeavor'mg to obtain immunit)- in guinea-pigs against 
cholera, Gamaleia employs cultures which have been ster- 
ilized at 120*, Sultcutimeous injections of these cause 
transient oedema, and the animals soon recover, The high 
temperature destroys not only tlie bacillus, but renders inrat 
certain " ferment-like " products. However, if the cultures 
besterilizedat 60°,largedo8es (10 c.c. per kilogramme, body 
weight) cause death, injected intravenously in rabbits, and 
a less amount produces marketl symptoms. The auiniala 
refuse food, and a diarrhowi, which may continue for hours, 
apjK'ars. Often there is cloudiness of the cornpj. und reten- 
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tion of urine, which is alhuiiiinoua. The aiiiojala rerover 
very slowly. In this I'onnection BOUCUAHD remarks that 
in 1884 he obtained by tlie intravenons injection of the 
urine of a cholera patient in rabbits muscular tremor, cyan- 
osis, albuminuria, and diarrhcea, but that he has never suc- 
ceeded in inducing tlicse symptoms with tlie cholera vibrio. 

Petri finds that the comma Viacillus produces in solu- 
tions of peptone lai^e amounts of tyrosiu and leucin, a 
small quantity of indol, fatty acids, poisonous bases, and a 
poisonous proteid. Tlie proteid resembles peptone in its 
behavior toward heat and chemical reagents, and is desig- 
nated by Pbtbi as " toxopeptone." It is not precipitated 
by heat or concentrated nitric acid, nor by potassium ferro- 
cyanide and acetic acid, nor Ity ammonium sulphate added 
to saturation. With sodium phoepho-tungsfate it gives a 
precipitate which clears up on the application of heat. The 
precipitate with tannic acid is insoluble in an excess of the 
precipitant. It gives the biuret reaction peritictly, but 
responds to Millou'e tfst hut feebly. 

In quantities of 0.36 of a gramme per kilogranmie and 
more it is fatal to guinea-pigs within eighteen hours. It 
produces muscular tremor and paralysis. Post-mortem 
shows an effiision into tlie peritoneal cavity, marked injec- 
tion of the bloodvessels of the intestines, and isolated 
iiemorrhagic spots. 

This proteid is not rendered inert by a temperature of 
100°. Pbtbi does not claim that he has obtained a chemi- 
cally pure Ijody, but supjKisea tliat it is contaminated with 
more or less unclianged pept^me. 

SoHOLL has studied tlie chemical products of the cholera 
bacillus when grown under amierobic conditions. Fresh 
I were sterilized and inoL^ulated in the usual way. The 

__ I, after being kept for eighteen days at 36°, were opened, 
he contents smelled intensely of hydrogen sulphide, but 
not of amines. The albumin was wmpletely fluid, while 
tiieyolk was more solid and of a dark color. 

Five cc. of the fluid contents were injected into the 
abdomen of a gniuea-pig. Soon tlie posterior extremi- 
ties were pai-alysuxl, and afler ten minutes the paralysis 
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became general, tiie unimal lyiii)^ ou the side. A 
luioutes more convulsive movements of tlie extremities 
began, autl forty minutes after tlie injeetion the animal was 
deatl. Sertion Bhowe<l the vessels of the small intestines 
and stomaeh highly injeetod, a colorless efftision in the 
peritoneal tavity, aud the heart in diastole. 

The albuminous content of the e^ was poured into t«n 
times its volume of absolute alcohol. The precipitate was 
collet-tell and washed with alcohol until a colorless filtrate 
was obtained. The precipitate was then digested for fif- 
teen minutes with 200 c.e. of water and filtered. Eight 
c.c. of the filtrate was injected into the abdomen of a 
guinea-pig. Paralysis resulted immediately, and within 
one and onc-tbiii'th minutes the animal was dead. Setttion 
showed marked injection of the vessels of tlie small intes- 
tines, a bloody transudate in the peritoneal cavity and the 
heart in diastole. 

The poisonous proteid was rendered inert by a tempera- 
ture of 100°; it was not altered by short exposure to 75°, 
but attempts to evaporate the solution at 40° in vacuo over 
calcium chloride destroyed the poisonous properties. The 
proteid was finally precipitated trom its aqueous solution 
by a mixtnre of alcohol and ether. It was washed with 
ether and the ether allowed to evaporate spontaneously. A 
small bit of this proteid proved tatal to guinea-pigs, and 
tlie same post-mortem changes were found as given above. 
ScHOU, classes this proteid among the peptones. It is not 
precipitated by heat or concentrated nitric at^id, singly or 
combined, nor by ammonium sulphate. It gives the xantho- 
proteid and biuret rtactions. Wijmoij. regards this as the 
true poison of choleraj and points out its diiierence irom 
the proteid of Brieoer and Framkel and that of 
Petri, 

BuJwiD found that on the addition of from five to ten 
per cent, of hydrochloric acid to bouiUon cultures of tJie 
cholera bacillus tiiere was developed after a few minutes a 
rose-violet coloration which increased during the next half 
hour and in a bright light showed a brownish shatle. The 
colomtion is more markc-d if the culture is kept at about 
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37°. In impure (nilturt* this reatlion does not otx'ur. 
Till! FiNKLER-pRiOH ba(ritlua ciiltures give after a longer 
time a similar, but more of a brownish coloration. Cul- 
tures of many other bat^illi were tried and failed to give 
tin's reaction.' 

Bribqer found tliat this color is due to an indol deriva- 
tive. In cholera cultures on albumins he obtained indol 
by distillation with acetic a<;id. 

BiiJWiD has made a fiirther tontribution to our knowl- 
edge of the " cholera-reaction." His conclusions are as 
follows : 

(1) Five to ten per cent, of hydrochloric at^id added to 
cholera cultures produce a rose-violet ixiloration, which is 
characteristic of the comma bacillus. 

(2) No other bacterium gives the same coloration under 
the same conditions. 

(3) The coloration appears in such cultures which are 
from ten to twelve hours old, so that tliis test can lie used 
for diagnostic purposes, and will give results before tliey 
can be obtained by plate cultures, 

(4) Impure cultures do not give this reaction. 
DusHAM finds tlie l>e8t medium for the " cholera-reac- 

tioii " to l>e a one per cent, alkaline ^wptone solution with 
one-half per cent, of common salt, Eujwid prefers a two 
\KT («nt. teehly alkaline peptone solution with salt. Jadas- 
sohn finds tliat gelatin cultures give the reaction both 
l)efore mitl afler the liquefaction of tJie gelatin. The nn- 
(lisaolveil gelatin, after the addition of hydrochloric or 
sulphuric acid, Vxpconies rose-violet, 

Cohen claims that cultures of other IkicIIH give a similar 
coloration, but Bl'.iwid explains that the results obtained 
by Cohen were due to the use of impure acids, which con- 
tained nitrons acid, Salkow8KI agrees with Bu.JWrD, and 
states that, when lutids wholly free from nitrous acid are 
'., tlie reaction ia characteristic of the «imma liacillus. 

e explains the reaction by supposing that the germ pro- 

'<Whl deierves the predit of being the flrat In call attention to this 
^, thougb his work was evideatly unknown to Lujwld at Iba time 
B iMter published liU report. 
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(lucefl nitrous ut'id, whit^li I'xiete in Uil' culture as a nitrite. 
On the wlilitioti of' an acid tlic nitrous a<:i(l in set free, and 
arting upon the indol, which is also present, (^ivcs the 
coloration. 

From a very exhiuiative research on the iiuportan<« of 
this test Petri conies to the following conchisioiis : 

(1) Seven pure cultures of the cholera genu from as many 
sourees gave the reaction with equal distinctue&s, 

(2) Of one liumlred other biKiteria t^'sh^l iu the same 
way twenty gave a red eoloration. In nin<'teen of these 
the coloration is due to the nitroso-indol reai'tion of 
Baeyer. The twentieth (anthrax) gave a color which is not 
due to indol. 

(3) In ease of the cholera germ and the others as well, 
the reaction ia duo to the reducing action of the l>acteria on 
nitrates. The reaction ia moat marked at hi ootl -tempera- 
ture and with the cholera bocillua ; it is least distinct with 
the hacilli of Finkler and Miller. 

(4) None of these Vtaeteria convert ammonia into nitrite. 

(5) The simple addition of sulphuric, acid is sufficient to 
give the test, which, however, is most marked when the 
nutritive solution contains 0.01 per cent, of nitrate. 

S6) The reaction is most marked if the sulphuric acid be 
ed after the addition of a very dilute nitrite solution. 

ScHUcnARDT calls attention to the fact tliat ViBOHOW 
observed a re<l coloration on the addition of nitric acid to 
filtered cholera stools in 1846. Gribsinger, in 1885, 
also ma<le mention of the production of a red coloration in 
rice-water stools on the addition of nitric acid. 

A "cholera-blue" liaa also been observed by Brieokr 
in cultures in meat extract containing peptone and gelatin. 
This 8ul«taiiee, whieli is yellow by reflected, antl blue by 
transmitted light, ia developed by the addition of com^n- 
trated sulphuric acid to the culture. It may l>e separated 
from the "cholera-red" as foUowB : Treat the culture with 
sulphuric acid, tlien render alkaline with sodium hydrate, 
and extract with ether. Evaporate the ether, and remove 
the " cholera-red " with Iwnzol, then again dissolve Uie 
" cholera-blue " in ctlur. The characteristic absorptiwi 
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incU for this coloring matter b^in in the first third of the 
[i spectriiiu, between K ami F, anti darken all yf tlie zone 
[ lying beyond, 
I WlHTER and Lesagb treat a Iwuillon enlture of the 

■ ■cbolera germ with sulphuric acid, dissolve tlie precipitate 
T in an alkaline medium, reprecipitate with acid, and rwlis- 
Iflolve in ether, which on evaporation leaves oily drops, 
[■which, on coolino;, form a yellow mass of the appuaranoe 
rwf a fat This sul>stance is insoluble in water and acids, 
leolnhle in alkalies and ether. It melts at 50°, and docs 
fnot lose its virulence on l>eing Iwileil with alcohol n-adered 
J feebly alkaline- The virulence of a culture and the amount 
I of this substance contain«l therein are in dii-ect proportion 
I' to each other. 

Small doses of this substance (1 milligramme to 100 
_ 8 of body weight of the animal) in feebly alkaline 

relation introduceil into the stomat^ha of guinea-pigs canse, 
SB a mle, within from four to six hours, a chill, and death 
after twenty-four hours. With larger doses the tempera- 
ture falls after from one-lialf to one hour, and death results 
^ within from twelve to twenty hours. Smaller doses cause 
. less marked rea^-tiou and the animal re(x>vere within 
nwenty-four hours. If killed within this time the animal 
ihows a choleraic wmdition, Rubbits 8u<^;umb only after 
fpeated subcutaneous injeftions. The sulratance can be 
. from the luuecles, liver, kidneys, and urine of 
^e poisoned animals. It can also Im; obtaim?d from cultures 
©f a cholera iulautimi pTm. The fiu-t thsit this jMiisou be- 
FJongs neither to the ptomaiues nor alliiimins is of iutcri-st, 
I CuNNiNOHAM deHcril>es ten species of the common ba- 
toillus, one of M'hich does not liquefy gelatin, and fails to 
Fre«|H)iid to the cholera i-ea<'tion. He also slates that there 
■«re cases of undoubted cholera iu Calcutla in which the 

■ [Common bacillus is wholly wanting. 

Tbtanl'S. — In 1884, Nimr-AiEit, by ino<nilating 140 

inimals with earth taken from different places, produced 

Pffj'mptonis of tetanus in 69 of them. In the pus which 

I iormwl at the point of inoculation he found micrococci and 
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baoilli. Among tbti latter was one wliich was somewhat 
longer and eUgbtly tliurker tlian the bacillus of mouse- 
septieEemia. In the snlx-iitaufous cellular tissue he found 
this bai'illiis alone, but eould not defax't it in the blood, 
muscles, or nerves. Heating tlie soil for an hour rendered 
the inoculations with it harnflcss. In cultures, Nit»r.A.iER 
was unable to sepamte this bacillus from other germs, but 
inoculations witb mixed cultures produced tetanus. In the 
same year, Cable aud Ratone induced tetanus in lower 
anunals by in(M?ulationa witii matter taken from a pustule 
on a man just dead from tetanus. In 1886, IlasESBAcH 
made suecesstul iuncnlations on animals with matter taken 
from a man who bad died from tetanus consequent ui)on 
gangrene from frozc^n feet. Witb bits of skin taken from 
near the line of demarcation, he inoculated two guinea-ptgg 
on the thigb ; tetanic symptoms set in within twelve hours, 
and one animal died within eighteen, and tlie other within 
twenty-fbiir hours. The symptoms corrcspondwi exa<?tly 
with those observed in the "earth tetanus" of Nhdlaikr, 
and the same bacillus was found. With mixetl ciiltiu'cB of 
this, Kosenbach was also able to cause deatli by tetanus 
in animals. Beuher had under observation a man who 
died from lockjaw following the sticking of a splinter of 
wood under his finger-nail. Inoculations of micw and 
rabbits with some of the dirt found on the wood led to 
tetanus. The same observer saw a boy die from this dis- 
ease following an injury to the foot from a shaip piece of 
stone. White mice inoculates! with matter from tlie wound, 
and those inoculatwl witli dirt taken from the boy's play- 
ground, died of tetanus. The bacillus of Nk^olaier was 
i^in detected. Giordano reporte the case of a man who 
fell and sustained a complicated fracture of the arm. He 
remained on the ground tor some hours, and when assist- 
ance uime the muscles and skin were found torn and the 
wounds filled with dirt. On the fifth day he showed symp- 
toms of tetanus, from which he died on the eighth day. 
Inoeulations and examinations for the bacillus were again 
successful. Ferrari also made suixiessfiil inonilHt'on!j 
with the blood taken during life from a woman witb 
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B after an ovariotomy. Hocksinobr has confirmed 
the above-mentioned observations bj carefully conduited 
experiments, the material for which waa furnished by a case 

I of tetnuua arisinj; from a very slight injury to the hand, 
the wound beinsi; filled with dirt. Shakespeare has suc- 
ceeded in inducing tetanus in rabbits liy inoculatins; thorn 
with matter taken Jrom the medulla of a horse and of a 
mule, both of which had died from traumatic tetanus. 
These uniform observations leave no room to doubt that 
tetanus is often, at least, due to a ijerm which exists in 
many places in the soil, and that the disease is transmissible 
by inoculation. 

BoNOHB obaiTved nine cases of tetanus among seventy 
persons injured by the lallini; of a church from the 
earthquake at Bajardo. The bacillus of Niooi.aibr was 
detected in the wounds, and animals inoculated with the 
lime-dust of the fallen building died of tetanus. Of many 
reons injured by the falling of another church at the 
me time, none had tetanus, and animals inoculated with 
^he lime from this church suffered no inconvenience. 

The same experimenter found the bacillus in the wound 
of a sheep which died from tettinus after castration. 

Bbumeh found the tetanus baciUua in the sloughing 

tissue of the umbilical cord of a child which was taken ill 

^Lffli the sixth day after birth, and died four days later from 

^^etanus. From this he concludes that tetanus neonatorum 

^Ptoid " earth tetanus " are identical, and advises that the cord 

should be dressal antiseptically. 

KiTASATO has succe(?ded in isolating the bacillus of 
NIeolaier by growing the mixed cultures, from the pus of a 
wound on a man who died from tetanus, at a high tempera- 
ture (80°), and subsequently developing the germ under 
hydn^en. The bacillus grows only in the absence of air, 
and not in carbonic acid. It develops on agar, blood-serum, 
and gelatin, the last of which it gradually liquefies with the 
formation of gas. The growth is more vigorous when the 
nutritive medium contains from 1.5 to 2 per cent of grape- 
H 8Ugar. 
H In 1888 Belpanti and Pescaroi-o found in the pus of 



u 



116 BACTERIAL POISONS. 

a wouud, which was foIl«Wfd by tetanus, a hacilliia y 
they iK'lievcd to differ morpholt^iolly from tliat of Ni(!o- 
laiep and RoBenbat-li, and whieh in pure cultures induwe 
tetanus in animals. The numiM^r of animals esperinicnted 
upim vdiB great and includud mioe, guinea-pigs, frogs, 
rahbifs, pigeons, geeae, sparrows, a chicken, and a dog. 
The pigeons, chicken, geese, and frogs proved immune. 
Alter subcutaneous injections a bloody cedema appmred at 
tlie place of inoculation and pus formed in small quantity. 
Paralysis first appeared ana was followed by convulsions 
and opisthotonos. Ijater studio lead Belpanti ami Pes- 
CAROi>3 to conclude that their bacillus is rcaliy tliat of 
NicoLAIER, but differing somewhat from that of Kita- 
8ATO. KiTASATO states positively that tlie germ ivliicli ho 
has isolated is absolutely anaerobic, while the ItJiliana find 
that theirs will not only grow aerobically, but when so 
grown will induce a classical tetanus. 

Lampiasi found in the lilood from various organs of a 
man who died from so-called spontaneous tetanus, and in 
two (siaes of tetanus in mules, a spore-forming bacillas, 
which in pure cultures induced tetanus in animals. This 
bacillus is wholly different niorphologiially from that of 
Nicola ier. 

Widbnmahn reports a very interesting oase of a boy 
who fell from a wail and wounded his face on a piece of 
vine-stake in the earth. The boy died of tetanus, and the 
splinters extracted from the face and the earth about the 
stake were examined. The splinter was introdu(«d under 
the skin of a mouse, which died thirty hours later of tetanus. 
In the pus formed about the splinter numerous niicroor^n- 
isms, among which a mierotwt^'ns and a short, thick l^cillus 
aix)unded, were tbund, but in none of the many animals «x- 
perimenteil upon could tlic bacillus of NiooLAiBR be de- 
tected. In animals inoculated with the earth, however, the 
NiCOLAiER germ was ibund. Widenmann concludes that 
the so-called tetanus bacillus is ibimd in most easc« on ac- 
count of its very wide distribution in the soil aud not as a 
result of its causal relation to the disease. 

Flugge has produced tttimus in animals without being 
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I able to find the tmoillus of Nicoi,aier, and Wyssokow- 
rrscH haa cxaminetl an earth whirli did not indue* tctajiiis, 
but whieh (Siused suppuration, and in the pus the NlCO- 
LAiEK baoillus was found to be abundant. With the pus 
obtained from tliree <asea of tetanna neonatorum due to 
omphalitis KiS(;hen9ky induwsd tetanus in animals. The 

ims fontained pyoj^enetic micTO<xjcci and a short baeillus, 
)Ut the germ of Nuxilaier i-ould not lie detected. 

Although KiTT claims tliat his tetanus baoilhis is iden- 
tical with that of Kitasato (whidi is now r^arded as a 
pure culture of the germ of Nicui-aier), the former lique- 
fies solid blood-serum and the latt<?r does not. Bacteriolo- 
gists generally agree that the Nian.AiEB bacillus is foimd 
only at the place of inoculation and tliat it is never present 
in the bio«l or int^^nal oi^ns, yet Shakespeare, as we 
have seen, induced tetanus in rabbits by inoculating them 
with matter taken from the medulla of a horse and that of 
a. mule, l)oth of wliich hail die<I of tetanus. The bacilhis 
which has l>een so well studied by Tizzoni and Cattani 
haa certain constant biologi(al differences from that of 
KiTASATO. 

Pla haa studied eiglit cases of ti-amnattc tetanus Loth by 
cultures and hy inoculation of animals. In none has he 
found the germ of NicoLAiEH. Moreover, since tetanus 
was induced in animals by bits of matter taken tixjm the 
spinal cord, the NtcoLAiER germ could not have been the 
cause, if, as bacteTiologists now teach, tliis germ is never 
fonnd save at the place of inoculation. 

Bribger has obtained in the mixe<l ndtures of the germ 
of NicoLAiER and RosESJBACH four poisonous suhstances. 
The first, tetaninc, which rapidly decomposes in acid solu- 
tions, but ie stable in alkaline solutions, produces tetanus 
in mice when injected in quantities of only a few milli- 
granunes. The second, tetanotoxine, produces fii'st tremor, 
then paralysis followed by severe i-onviilsions. The third, 
to which no name has been given, causes tetanus accom- 
panied by free flow of the saliva and tears. The fourth, 
epasmotoxine, induces heavy clonic and tonic convulsions. 

Bbieggb has also isolated tetanine fi^m the amputated 
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arTti of a man witli totaniis, thus showing tbat thla 

poison ia formed in the boily hs well as in the artific-ial 

cultures. 

Bribgeb and Fbankbl obtained a " toxalhumin " from 
a cnlture of Kitasato's germ in bouillon rontaining grape- 
sugar. This substance is soluble in water, and whon in- 
jected in small amounts subeutaneously in guinea-pigs, 
tetanus appears in about four days, and soon terminates 
fatally. On the other hand, eultures of the bacillus of 
TizzoNi and CATTAJa in bouillon with sugar fail to pro- 
duce any chemical poison, but the cultures in gelatin are 
highly poisonous after filtration through porcelain. Even 
one-half cubic centimetre of the latter induces the disease 
and death in rabbits weighing from one and a half to two 
kilogrammes. Death reenlbs never later than three days, 
while, as has been seen above, the first symptoms induced 
by the poison from the bacillus of Kitasato usually 
appear on the fourth day. Bhieoer and FrJInkel ob- 
tained their prot^iid by precipitation with absolute alcohol, 
but the addition of this agent to cultures of the germ of 
Tizzosi and Cattani destroys its poisonous properties. 
The active substance of the Italian germ was obtained 
either (1) by dialysis, solution in water, and evaporation in 
a vacuum ; or (2) by precipitation with ammonium sul- 
phate, separation by clialysis, and drying in a vacuum. 
This poisonous body is soluble in water, non-dialyzahle, 
destructiijle by a temperature alwve 60°, and by treatment 
with concentrated mineral acids, and is unaffected by alka- 
lies or by prolonged treatment with carbouic acid gas. It 
contains a ferment which liquefies gelatin and digests fibrin. 
This peptonizing ferment is active only in alkaline solu- 
tion, and is present in the bouillon cultures which are not 
poiaonouH ; thcTcfore, the poison and the peptonizing fer- 
ment must be two distinct bodies. However, on account 
of the properties which we have mentioned, TizzoNi and 
Cattani conclude that the poison also Iwlongs to the 
soluble ferments or enzvmes. 



ir 



Bdschettini has studied the distribution of this poison 



5 |)UISU11 



TETANUS. 

through the body and ite elimination in the followmg 
manner : 

Animals were poisoned by injections of the substance 
prepared \iy TizzoNi and Cattani, and juat before death 
they were killeil and bits of various organs rubbed up with 
Bterilized water were injerted into other animals. Emul- 
Bions from the liver and supra-renal capsules were invariably 
without effect, while those from the kidney were constantly 
poisonous. This is supposisl to prove tijat the poison is 
eliminated by the kidney. The blood taken troni the vena 
cava was found to be poisonous in three out of four experi- 
ments. When the injections were made under the skin 
the lumbar conl was active in four out of eight coses, and 
In all, when tlie injections were made directly into tlie 
sciatic nerve. On tlie other band, when the inoculations 
were made under the dura mater, the brain was found to 
be active while the lumbar cord remained inactive. From 
these experiments it is (included that the poison not only 
circulates in the blood, hut is deposited in the central 
nervous system. 

A. Babbs prt'j>are<l, from cultures made by V. Babes 
and PoscARiA in agar containing no peptone, an albumose 
which causes tetanus in animals. 

Fabek finds in a mixed ctdturc a poisonous protcid 
body which resembles closely, so fer as it has l>een studied, 
that of TizzoNi and Cattani. Fabek lays muoli stress 
npon the ailments in fiivor of tliis substance being a 
soluble ferment. With this proteid, convulsive movements 
first appear and Iwcomc very distinct in the muscles about 
the point of injection. In case very small amounts are 
employed, the convulsive movements do not become general 
and the animal finally recovers. 

PbyraOd claims to have secured immnnity in animals 
against "earth tetanus" by giving to them strychnia in 
gradually increasetl doses. NoCAHD could not confirm this 
claim. 

According to Ledastes, the poisonous arrows of the 
natives of the New Hebrides are prepared as follows : The 
points, which are usually made &om human bones, arc first 
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coverud with a vegetaljle resin, tlicn sini-itrcd with the slime 
of Bwampy plaoes. 

LiERHANN found tliat material taken iruru tlie arm of a 
man who had died from tetanus, and who had t>een buried 
for two and one-half years, induitxl tetanus in animals. 
This wonld seem to show that the poisou retains its vim- 
lence for a long time. In this material there were found 
nine kinds of bacteria, but none of these in pure cnlture, 
or in mixed culture, induced the disease. This is explained 
by the supposition that non-pathogenic bacteria may receive 
toxia^enifi properties from the media in which they grow. 

T(JBERCUiX>8iS. — Whatever may l)e the ultimate verdict 
con(«niing the curative properties of Kooa's tubertrulin, its 
employment has made us liimiliaF witli the action of the 
ehemiial products of the bacillus tuberculosis on man. Un- 
fortunately, Koch has given us but little information con- 
eeming the nature of his tulx-'nmlin, and the little which he 
has given us has Ixs^i to some extent misleading. We 
would not imply that he lias intentionally been misleading. 
Indee<l, we believe that such was not his intention. He 
speaks of the agent as an extnut of a pure ciiltnrc of the 
l)acillus tuberculosis with 50 per cent, glycerin. One would 
infer from Koch's statements tliat tuberculin is prepared 
by extracting tlie bacterial ikIIs with 50 per ocnt. glywrin, 
and that the bacterial producta are not present. But, 
as has been shown by HtTEPPE and Scholl, the proteids 
of the cells of the ba<!!llus tubert^ulosis <»noot be extracted 
with 50 per cent, glycerin. Moreover, the same iuvestiga- 
tors have preparai a fluid identical in physical properties, 
in chemical reactions, and in its efleets on animals, with 
Koch's fluid, by each of the three following metliods : 

1. Cultures of the bacillus are filtered, sterilized by heat, 
and concentrated. 

2. The supernatant, fluid portion of the culture is de- 
c-anted from the mass of germs at the bottom of the flask, 
and then concentrated. 

3. The culture is fi'eed from germs by filtration through 
a Chamberland filter, and conccntratetl. 
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These Raids contain : 1, the constitiieote of the nutritive 
medium which liave not been alterwl by tlie growth of the i 
genu, auch aa glycerin, aJbuinins, alburaoaes, and peptones ; 1 
2, the bacterial products, which may possibly belong to the ] 
ptomaines, the bacterial alltumins or albumoses aud bacterial 
ferments ; and 3, any constituents of dead, broken-down | 
Itacilli which may Lave passed into solution. To whi<(li of 
these coQstituentB the aition of the fluid is due has not been 
positively deteriulned. However, from the similarity in 
the action of this fluid witli that of the bacterial products ' 
of other germs, we seem justifieil in assuming that these 
constitute the active principle. 

As early as 1888, Hammbrschlaq found a poisonous 
proteid among the protUicts of the gniwtli of this germ. 
More rec^-ntly lie finds that as mucli as 27 per cent, of the ■ 
cellular substance of tlu! bacillus tuliert^ulosis is soluble iu 
alcohol and ether. In this extract there is, in addition to 
fat and lecithin, a poison whirli induces in ral»bits and 
guinea-pigs convulsions followed by death. The part insol- 
uble in alcoliol and ether consists of cellulose and proteida. 
HAMMEKSfHLAQ lias also prepare<l from cultures of tliis 
bacillus a "toxallmmin" which, when inji-ctcd 8ul)cuta- I 
neouslv in rabbits, causes an elevation of temperature of ' 
from 1° to 2°, which continues for a day or longer, 

TiUFAXER has r(£[)ortcd the isolation of a poisonous pto- ; 
maTne from agar cultures of the l>acillus tuberculosis. He ■ 
says tiiat the injection of 1 centigramme or less of tliis 
substance subcutancously in rabbits or guineii-pigs muses, 
ai^ from three to five minutes, incrcjised frequeniy of 
respiration (to 180 per minute?) and im elevation of tem- 
perature of from 0.5° to 1°. He also reports marked pro- J 
trusio buibi as a constant symptom ; the eyes l>ecome very i 
bright and the pupils are dilated. From two to three 
centigrammes suffice to kill raltbits, deatli occurring in ftx)m 
two to four days. The place of injection is reddened, and 
h^uorrhagic spots are formed in the mucous membrane of 
the stomach and small intestines. In two instancfs from 
16 to 20 cubic'tt-nti metres of clear fluid were found in the 
peritoneal cavity. 
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Baumgarten draws tho fo!low-inj>; wmclusions from his 
experiments with tuberculin on rabbits with inoeiilation 
tubereulosis : 

It pauses iin exudative inflammation in tlie vascular 
tissue about the tubercle, and in this way the tuberculous 
tissue may be isolated and, when situated superficially, re- 
moved. In some eases, however, after the prolonged employ- 
ment of the agent, the tuberculous tissue itself may, under 
the influence of the exudative fluid aud tlie polynuclear 
leueocytee, break down and form abscesses. The bacilli 
themselves are in no way harmed by tlie use of tuber- 
culin, and, after its I'onstant employment for months, they 
retain their orifrinal form and lose none of their virulence. 
Some prepanitiona seem to show tliat the bacilli multiply 
more rapidly when the injections are made, but a positive 
statement on this point is reserved until fiirther studies 
have been made. It is certjtin, however, that the non- 
tuliercular tissue of animals acquires no immunity against 
the disease from the injections. Tliis is shown by the 
appearance of metiistatic foci in animals in which from 
seven to twelve grammes of the original lyiiiph (an amount 
which would be equivalent to from seventy to one hundred 
and eighty grammes in man) has Ijeen injected. It is further 
shown by the fact that in some animals treated subcutane- 
ously, tubercles have appeared at the point of Injection. 

Prudden and HodenpyTj summarize the results which 
they have obtained by the inoculation of animals with dead 
tubercle bacilli as follows: "These dead tubercle bacilli 
are markedly chemotactic. When introduced in cijusider- 
able amount into the subcutaneous tissue or into the pleural 
or abdominal cavities, they are distinctly pyogenetic, caus- 
ing aseptic localized suppuration. Under these conditions 
they are capable, moreover, of stimulating the tissues about 
the suppurative foci to the development of a new tissue, 
closely resembling the diffuse tubercle tissue induced by 
the living germ. We have found that dead tubercle bacilli 
introduce<I in small numbers into the bloodvessels of the 
rabbit largely disappear within a few hours or days, but 
that scattering individuals and clusters may remain here 
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1 and there in the lungs and liver, clinging fo the 

Jays without iudncing auy marked ehatiges in the 
.fter a time, however — earliest in the lung, later, 
as a rule, in the liver — a cell proliferation occurs in the 
vicinity of these dead germs, which leads to the formation 
of new multiple nodular structures bearing a striking mor- 
phological resemblance to miliary tubercles. There is in 
them, hoxvever, no tendency to cheesy degeneration and no 
evidence of proliferation of the bacilli, but ratlier a steady 
diminution in their number. It seems to us that the new 
structures originate in a proliferation of the vascular endo- 
thelium under the stiraiilus of the dead and disintegrating 
germs," 

Mapfdcci finds that cultures of the tubercle bacillus 
I (from a mammal), when grown from one to six months on 
I glycerin, blood-seniro, or liquid blood-serum, and then 
I sterilized by being repeatedly heated to from 65° to 70°, 
J produces iu guinea-pigs, when employed subcutaneously, a 
I, progressive marasmus, which term mates fatally within from 
\ fourteen days to five or six months. He also finds that 
I ^gs inoculated with sterilized cultures of the chicken tuber- 
culosis l»acil!u3 product' i^hiekcna which are feeble and soon 
die of emaciation. In neither the guinea-pigs nor cliiekens 
oould he find auy tulwreles. This author, unfortunately, 
does not state jiositivciy whether the bat^illi employed in his 
experiments on guinea-pigs were obtained from man or some 
[ other mammal. 

Crookshank and Herroun re])ort the isolation of a 
|'{)toma'tnc and an alburaosc not only from artificial cultures 
l.of the bacillus, but also from bovine tuberi'ulous tissue. 
I The ptomaine is reported as causing an elevation of tem- 
I perature in tuberculous, and a depression in healthy, ani- 
■ mats. " The albumose, whether obfjiined from pure eulti- 
[ vations of the bacillus, or from tul»ercii!ous tissue, produced 
J a marked rise of temperature in tulxTculous guinea-pigs, 
i On the other hand, in an exjieriment tried on a healtliy 
\ guinea-pig, there was an equally well-marked fall of tem- 
I perature." 
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Diphtheria, — That the Lopfler hatrillus is a cause 
of diphtheria no one rjin now deiiy. Tlie tact that this 
gorm, although foiitnl only at thi' seat of inoculation, taiises 
marked syBteniic disturlwmiH^, indiisites that its artion must 
be due to its aolublc proilui'ts. This was tarly rwMj^izcd 
by LOppleb, who iu 1SS7 attempted to ascertain thf 
nature of the poison. A flask of liouillon eoutaim'nj^ PT" 
tone and grape-eiigar was, three days after it liad bt-cn 
inoeulated witn the Itacillus, evaporatc-d to 10 c.c, and tliia 
was injeeted into an animal, but was without i^Sect. A 
second flask of tlie same mat/rial was extracted with ether, 
but this extrat* was also found to be inert. Next, some 
neutral beef broth was extracted witli glycerin some four 
or five days after it had been inoculated with tlie liacillus. 
The glycerin extract, when treated with five times its 
volume of absolute alcohol, deposited a voluminous, floc- 
eulent precipitate, which was collected, washed with alcohol, 
dried, and dissolved in a little water. A further precipita- 
tion with ali«hol and a current of carbonic acid gas secured 
a white substance, and tlie iujeftion of from 0.1 to 0.2 
gramme of tliis, dissolved in water, subcutaneously in 
guinta-pigs, caused marked pain followed by a fibrous 
swelling with hemorrhage into the must^ies and tedenia, 
t<Tminating in necrosis. From these studies LOppi.ee 
concluded fJiat the poison Iwlongs to the enzymes. 

Roux and Yersin fouuil tliat bouillon cultures from 
which the hiicilhis had been i-cmoved by filtration through 
a Cliamberlanil filter are poisonous, especially cultures 
which are four or five weeks old. The results obtained 
varied with the amoimt of the finid, the s)^M3cies of auimal, 
and the method of a^lministration. Tlie effects observed 
were a serous exudation into the pleural cavity, a marked, 
acuti' inflammation of the kidney, fatty degeneration of the 
liver, especially after injection into a hlooflvessel, and rede- 
niatouB swelling in the surroun<ling tissue after subcu- 
taneous inoculatiou. In some insfaiices, in dqia, rabbits, 
and guinea-pigs, paralysis, generally in the posterior extre- 
mities, followed. The action of the poison was found to 
be very slow, and, aa a rule, deatli oe^;urred days, and in 
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Bome instances weeks, after the inociilation, and was prv- 
ewU-d by marked enim.-iatioD. 

The cultures first employed were seven days old ; older 
cultures (six weeks) contain more of the poison, and the 
symptoms appear within a few hours. In eultures espe- 
cially rich in the poison, a small amount (from 0.2 to 2 e.c.) 
injected under the skiu in {luinea-pigs suffiefs to induce tlie 
symptoms. Mice and rats are markedly insusceptible, but 
sacciimb to lai^i doses. 

Heating to 100° ibr twenty minutes renders the poison 
inert, and a h.'mperature of 58° maintained ibr two hours 
markedly lessens its virulence. 

The poisonous substance is ['fecipitated by al>sohite 
alcohol, and is carried down mechanically on the addi- 
tion of calcium chloride to the filtered cultures. These 
invcBtigatora agree with LOppler tliat the poison belongs 
to the enzymes. The great toxicity of this substance is 
indicated by the statement of lloux and Yersin that 0.4 
milligramrae suffices to kill eiglit guinea-pigs or two rab- 
bits, and that 2 centigrammes of' the calcium chloride 
precipitate, containing about 0.2 milligramme of the pure 
poison, will kill a guinea-pig within four days. 

Bbieger and FBSsKErv have made a v<'ry complete 
study of the chemital products of the Loffi.er I)acillu9. 
They ranploycd cultures of l)ouillon and peptone containing 
&om five to six per cent, of glycerin, and others containing 
ten per eeut. of sterile, fluid blood-serum. The latter were 
found to be most suitable. In these the bacilli grow most 
abundaotly. In all esises tlicy <;«nfirmed the sfettement of 
Roux and Yersin that the cultui-es, at first alkaline, be- 
come strongly acid, and finally again alkaline, with the 
exception that the glycerin cultures remained acid. 

For the removal of the bacteria two methods were em- 
ployed. First the bacilli were destroyed by heat When 
a temperature of 100° was employed the cultures were 
rendered inert, but it was found that exposure for from 
three to four hours to a t*'mpcrature of 50° was sufficient 
to destroy the germs, while the virulen<'e of the chemical 
produuts was not affected. The second luetiiod of removing 
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tlip bacteria consisted of filtration throtiffb a Chamberland 
filter. The germ-free filtrate could be lieatwl to 50° with- 
out lo6s of tosieitv, while a ti'mperatiire of 60° rendered 
it inert. In the majority of the experiments the filtration 
method was nsed and in this way a lai^' quantity of a 
poisonons fluid of uniform stivnirth was obtained. 

Varyinw amonnts of this fluid were used upon animals, 
mostly ffuinea-pigs and ral)hits, and it was fonntl that the 
eHects varied with the ((uantities employed and the inothods 
of aflmiaistration. The sympt'ims appeareil most ]troniptly 
when the injections were made directly into a bloodvessel. 
Of four rabbits which were (jiven subcutancously respec- 
tively 1, 2^, 5, and 10 c,e, of the filtrate on December the 
28th, the first died January' 4th ; the second, January 2d ; 
the third, December 31st ; and the fourth, December 30lh. 
In all cases in which death did not occur too early, paralysis 
appeared. The limbs were first paralyzed, and this was 
true whether the fluid was administered intravenously or 
subcutancously. The post-mortem appearances were iden- 
tical with those observed after inoculation with the bacillns, 
with the exception of tiie absence of the paeudo-membrane. 
After subcutaneous inii^'tion tliere was a gelatinous, grayish- 
white, sometimes reddish, fedematous fluid formed at the 
point of injection ; and, after lai^r doses, necrosis. In 
cases in which death was delayed, there were efHisions in 
tlie pleura, fatty d<^neration of the liver, and iuflanima- 
tion of the kidneys. Especially m:irk«l wert^ these cellular 
Hianges in rabbits wliicli were trisitod with small amounts 
intravenously. 

Brieqrr and FrSnkbl lonclude this part of their 
report with the following statement : " We have shown 
that the LQffler diphtheria bacillus produces in its cul- 
tures a poisonous, soluble' substance, separable from the 
bacteria, which causes in susceptible animals the same 
phenomena which are induced by inoculation with the 
living microbi^anism. We have further shown that this 
substance is destroyed by a temperature over 60°, but that 
it can be heated to 50°, even in the presence of an excess 
of hydrochloric acid, wn'thout being destroyed. Tliis last 
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IS contrary to the asstimptioa that the chemical poison 
of the diphtheria bacillus is a ferment or enzyme." 

The fluid ivas tested for basic products, but with wholly 
negative results, except that small amounts of kreatinin and 
i- oholin were found. It was also distilled at from 20° to 
I 35° in a vacuum, and the distillate was found to be inert. 
The poiflouous sulBtanuc -mia found to be insoluble in 
alcohol, soluble in watyr, and non-dialyzable. It was pre- 
cipitated by saturation with ammonium sulphate. 

The substance was obtained by allowintr the germ-free 
filtrate, after bein<; rendered tbebly aoid with acetie acid, to 
fall into a large volume of absolute alcohol. It was puri- 
fied by repeated Bi)lution in water and precipitation with 
aleohol. It contains a large amount of sulphur, and re- 

rds to the biuret and Millon tests. It is, therefore, 
ified among the albumins. Since it is not precipitated 
by saturation with magnesium anlpliat^ at 30°, it cannot 
belong to the globulins. The fact tliat it is precipitated by 
saturation with ammonium sulphate, and that it does not 
dialyze, shows that it is not peptone. It is, therefore, 
classified by Brteqeb and Frankbl among the albumins, 
and is designated as a " toxalbumin." 

The special reactions and the results of an ultimate 
analysis of this substance have alrejuly been given (page 20). 
This proteid induces in animals all the symptoms and 
post-mortem appEarances whioh have been mentioned as 
following the administration of the filteretl eultures. It is 
to be noted that the injection of small quantitio of this 
proteid (2J milligrammes per 1 kilogramme of the l>ody- 
weight of the animal) does not produee its effects until after 
the lapse of weeks, and possibly months. This peculiarity 
in action distinguislies this class of substances from all other 
I'Y^emical poisons, and it has received aa yet no satisfactory 
^explanation. There is no reason for lielieving that the body 
obtained by BRieaEit and FR.'isKEL is chemimlly pure, 
and until it has been obtained in this condition we can 
;wily speculate concerning its true nature. 

It should l>e remarked that the Lopfler bacillus shows 
not only markeil mtjrphological variations, but that it is 
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very variable in its viriilcnoe, some cultures having been 
obtained which arc wliully without effeet upon aninmls. 
From cultiirps of this kind Brieoer and Frankbi, pre- 
pared a noD-poisonuus albumin difterin^ in its iiltiniatt- 
(imposition and in many of its chemieal reactions from the 
poisonoua one. 

FbankEL has bwn unable to secure immunity in ani- 
mals against diplitheria by the employment of small doses 
of the " toxalhuniin." If the dose is lai^ enough the 
animal dies. If it is smaller, the animal seems to l>ecome 
more suseqttibli? and succumbs more readily to inoculations 
with the giTui. While this is true of the filtered culture, it 
is not the Ciise with that which has been sterilized by heat. 
Frankel finds that if from 10 to 20 cc. of a cul- 
ture of the bacillus three weeks old, wliich has been 
heated for one hour at from 65° to 70°, he injec-tcd under 
the skin of the abdomen of guinea-pigs, immunity against 
Bubsetiuent inoculation with the virulent germ is secured, 
provided that the inoculation is not made earlier tlian the 
iburtwnth day after the treatment with the sterilized 
culture. He thinks that the culture contains two specific 
albumins, one of which is poisonous, while the other gives 
immunity. The former is destroyed by a temperature of 
from 65° to 70°, while the other retains its characteristic 
properties. He admits the possibility that the poisonous 
albumin may be convertc*! into the other form by the high 
temperature. He finils that the modified culture, which 
gives immunity, is of no service for therapeutic purposes, 
and that if an animal be treated witli it dini'tly afU'r inocu- 
lation with the germ, death is not retarded, l>ut is hastened. 
From these experiments he concludes that the vaccination 
albumin at first lessens, and subsequently increases the 
resigtan** of the animal. 

Sprouck and his students have confirmed the above 
statements TOQwming the toxicity of tlie gcrm-froo cultures 
of this bacillus. They have also tailed attention to the 
albuminuria following the employment of this poison. lu 
the urine they find casta, white, and sometimes red, blood- 
corpuscles. Microscopic examination of the kidney afW 
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death allows the same changes wliich are olBcrved in the 
diphtheritic nephritis of" cliildrcn. Babes also finds that 
the jiierra-IVee cultui-es produce the parenchymatous clcgcner- 
ations of the internal organs which are ibund iu the human 
body. 

Tangi. has shown that the chemical poison is formed in 
the body as well as in t^ulture-flasks. A large piece of 
peendo-raerabnine was macerated in water in an ice-cliest 
for twenty-four hours, and then filtered tlirough porcelain. 
The filtrate, injected into animals, produca! all the eymp- 
tonis which have been obtained by a similar employment of 
artificial cultures. Tangl also observed that in some cases 
in which tlie animals were inoculated with the sterilized 
culture through the nuicons raeJiibrane a psendo-nicmbrane 
formed at the point of injection. 

Suppuration. — As early as 1879, Leber {■onckulcd 
from hia observation on infective keratitis that the asper- 
gillus must produce certain soluble products which dimise 
through the cornea and act up an inflammatory action in 
the adjacent vascular tissue. In 1882, he showed that sup- 
puration eould be induced by the introduction of sterilized 
merenry and copper, and that the pus ibrmed is free from 
germs. In 1884, lie induced suppuration by the injection 
of cultures of the staphylococcus pyogenes aureus which 
had been sterilized by being boiled for hours. In 1888, 
the same investigator reported tliat he iiad found au alco- 
holic extract of the dried stuphylococcus to be highly pyo- 
genetic. From this extract lie has prepared a crystalline 
body which he calls phlt^osin. This substance is readily 
I soluble in alcohol and etlier, sparingly soluble iu water, 
I and it crystallizes in needles. The crystals can be sub- 
rlimed, leaving no residue, and the sublimate, which forms 
'in rosettes, still possesses thepyogeneticprojiertiea. Alkalies 
precipitate this substance from its solution in amorpiious 
granules, which dissolve in acids, forming crystalline salts. 
Leber refers to the observation of the botanist Pfeffrr, 
^ who found that vegetable cells are attracted by certain 
^L chemical suijstanees, and adopts the term chemotactic action 
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(diemotactische W irkiing) to indicntt' the prop(>rty of Lvrtain 
(.■tiemical a^iita of attrat'ting Ieucxx.-yt('S. 

Ab liaa been stated, BucHNER has ibuud fimt ttie cells of 
many bacteria eoiitain pyogciietit- protcida. The amount 
of these suhstaiiees in the wlls varies with tlie kind of 
germ, and some spet^ies (the bacillus prodigioBus, for in- 
stance) seem to (»ntain no snch bodies. The Imcillua pyo- 
cyaneus contains a large qoantity of tlie proteid, and is 
suitable for lecture demonstration. The germs are taken 
from potato cultures and rubl>ed uj) with wat^r. Then 
they are treated witli about fifty volumes of a OJy ]kt rent. 
solution of caustic potash. This forms in the cold ii iiun-i- 
laginous mass which dissolves at the t^mpenitiuc of llic 
water-liath. Alter being heat«] for some hours the fluid 
is filtered through a uumlx'r of siriall filters; the first por- 
tions should be reflltered. The filtrate is a greenish fluid 
(pyocyanin) whicii by the carefiil addition of acetic or 
hydrochloric acid (an excess is to be avoided) forms a 
voluminous precipitate (pywyanens proteid). This pre- 
cipitate alioukl be colloetwi on a filter, washed witli water, 
then suspendfsl in water and a few drops of a soda solution 
added, wfien a dark-brown fluid, with a. tendency to gela- 
tinize in the cold, (x>ntiiining about 10 per cent of the pro- 
teid, is obtained. 

13.254 grammes of the moist bacteria yield 1.44 gramme 
of dry bacterial substance, and this after the treatment 
given above furnishes 0.2739 gramme of dry proteid ^ 
III. 3 per cent. This proteid leaves 11.52 per wnt of ash, 
which cuntains j)hosphoric lurk], but consists principally of' 
siMlinin chliiridc. 

Much smaller amounts uf prote'iti were olitiuned from 
other germs, but the Ebci-th germ, Itiuillus subtiiis, lactic 
acid bat^tllits, red Itaeillus from jwtato, and atapliylocoecns 
pyogenes aureus furnished tyinsiderable (juantitii'S. 

The cheinotactic properties of these pmteids were te'Sted 
Id tlic following manner : The dissolvwl proteid was placed 
in !i spiiiillc-sliaped glass tube, and the tulHw, steriliwd by 
prolonged boiling, were introduced under the skin on the 
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l)a<!ka of rabbits witii autiscptie pre(antions, ami tbe ends 
of the tubea broken off subciitaneously. 

After from two to three days the tubes were removetl 

and fouD'l to contain, in addition to some of the proteid, 

B$everal milliinetres of tibriuous pus, which was examined 

I' microscopically and by the preparations of cultures, which 

[ invariably remained sterile. The proteid of the Kbebth 

bacillus was found to have specially marked pyogenetic 

properties. 

Similar experiments were made with the following crys- 
talline substances : the butyrate and valerianate of anuno- 
aia (each 1 per cent, solution), trlmetliylamin (2 per cent.), 
ammonia (2 per («nt.), leuein, tyrosin and glycocol (1 per 
cent.), urea (o per eent), and urate of ammonia and skatoJ 
(1 per ctaiL). Glyoocol and leuein only were found to have 
the chemutactio aetion, and with these tliis action was imt 
slight compared with tliat of the baeterial proteids. 

I The next experiments were made witli the object of 
ascertaining whether or not proteids similar to those derived 
from the bacteria would cause a like effect. The bacterial 
cellular proteids resemble verj- closely vf^etable casein 
Bome of which was prepared from wheat gluten and tested 
9S above. This proteid was found to l>e possessed of 
marked chemotacttc properties. The subcutaneous injec- 
tion of sterilized preparations of wheat-flour and ground 
peas were also found to cause suppuration. Nt^tive 
results were obtained with stan-li and solutions of disodium 

ihytlric phosphate. Kroiu this it is concluded that the active 
agent in the flour is its casein. 
Peptone was employed without effect, while gelatin WH8 
ibund to act energetically. Alkaline ulbiitnitmtes were 
prepared from muscle, liver, lungs, and kidney by treating 
finely divided portions of these organs with potasli and pro- 
ceeding as in the preparation of the bact(>rial proteida. All 
of these caused the formation of pus, and the preparations 
from the liver were found to lie spwrially jxitent. 

Similar preparations from blood anif ejig-yolk were 

active, while those from fibrin and the whit«; of t^ liad no 

^L efiix't, Hemi-albuniose was also found to Ix; ailive, and 
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tliis fact is placid iu luutmst witL tLc nt^tivi! r^olt 
obteini-d with poptone. 

One of the most ink'resting nsults was obtainetl by the 
daily injection of a ehenirtteetic protfiid dirLi-tly into the 
Itlotxl. Before the first injectiim the proportion of white (« 
red eorpus-les was 1 : 318 ; on the second day, I : 126 ; on 
the third, 1 : 102 ; on t]ie morninj; of tlie fourth, 1 : 73 ; on 
the afternoon of the fourth, 1 : 3S. After this there was 
no further increase. The absolute numljiT of red eoqjusi'k'S 
remained unchanged, whik' the absolute numlK-r of tlie 
white multiphed sevenfold. The whiti' eoqiiiseks were tin 
tlie first days often found in groups of from two to lour, 
and later, of from ten to twcntii'. This seems to demon- 
strate that these substanifs tsiuse an inerensed produetion 
of leneocytes. General leueturvtosis was induwd by the 
similar employment of vi^table easein and an alkaline 
albuminate prepared fi^im the musck« of a i^lf. , 

Finally, Bdchner tested tlie ai-tion of this proteid upon 
himself. One cubic centimetre of a very dilute solution, 
containing 3.6 milligrammes of the solid proteid, was 
injected under tlie skin of tlie Ibrtarni with antiseptic pre- 
cautions. Two hours later there was marked pain along 
the lymphatics, espeeiallv localiznl in the elbow and axilla. 
The temperature showed no marked elevation (only 37.8°). 
On the following day there were marked erysipelatous 
redness and swelling extending for some inches al)out the 
place of injection, and oeeompanicd by severe pain. The 
inflamed area felt hot, and projerted distinctly above the 
anrrounding aiirfa<x!. The lymphatics of the arm appeared 
like re<i conls. On the tiiird day tlie swelling and re<lnesa 
were more markwl, and extended from the wrist to the 
elbow. On the iburth day the symptoms began to recede. 
Here we have clinitally a jierfeetly typical erysipelas with 
lymphangitis, and Bxjchker chiims that all the cardinal 
symptoms of tafiamtnation — rubor, calor, dolor — could not 
be produced without involvement of the solid tissues. 

Similar, but less marked, symptoms were induced by the 
injection of a dilute solution of vegetable casi'in. 

BucHNER states tiiat bacteria will not c-aiise infli 
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tion unless tliey be broken down. The pyt^netic substance 

oontainetl witbin the bacterial cell can nave no cheniotactic 

atlion until the cell disintegrates. Thus, the anthrax 

bacillus contains a pyogenetic sultatance, but no pus is 

jformed in mice with anthrax, because there is no destruction 

\^{ the bacilli. This pyogenetic proteid of the anthrax 

'itacillus, however, manifests its action in malignant pustule. 

These experiments arc of the greatest interest. We must 

ly, however, that it is possible that the bacterial wllular 

)teid may t>e modified by the treatment to which it has 

■n subjected in these experiments. We do not as yet 

know enoiijjh about tlie nature of this prutcid to say that 

its nature and its action are not alti'rcd by beinj^ heated for 

hours with an alkali. However, acceptinj^ Buchmer's 

work, it throws much light upon processes \v'lHch have 

Jjeretofore been but imperfectly understood. 

The Summer Diarrhcbas op Infancy. — In a paper 
published iu 1888, Vaughan stated that the microorgan- 
isms which produce the catarrlial or mucous diarrhoeas of 
infancy are probably only putrefactive or saprophytic in 
character, and that they prove barmliil by splitting up 
complex molecules and forming chemical poisons. At that 
time it was generally believed that a specific germ wonld 
be found, but the truth of the above statement is being 
made more manifest with every experimental study of the 
subject. Able and diligent bacteriologists, among whom 
Booker, in this country, and Escherich, in Germany, 
deserve spatial mentiou, have made a careful study o( the 
l)artcria found in the intestines and stools in these diseases, 
and all agruc that no specific organism has licen found. 
iQOKER Tias reported tlie isolation of more than thirty 
inds. In true cholera infantum the proteus group of bac- 
sria was found in fifteen out of nineteen cases, but in the 
ordinary diarrhceas there is no tonstaney in the species 
present. Germs whidi are frequently found one year are 
rarely seen in the eases observed tlie next summer. This 

thus been the experience of all who have studied the l)act<'ria 
the summer diarrhceas of infancy. Vauoiian has studieil 
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the chemical products of the germs x, a, aud A of Booker 
list in the following manner and with the i-csiilts as stattd 
Ixilow. 

Of these genuB, Bookek makes the following statements: 

" X was found almost as a pure culture in me feces of a 
fatal ca.se of diarrhnea. a was strongly pathogenic when 
tested last winter. A was isolated last summer; liquefies 
gelatin, and l>elongs to the protens group," 

Beof-tea cultures of ea<4i of these germs were made and 
kept in an incubator at 37° for forty-eight hours. At tlie ex- 
piration of tliis time tiiese cultures were used for inoculating 
flasks of stcrilizwl beef-broth. Eight flasks, each contain- 
ing about ten ounces, were employed for each germ. These 
cultures were kept in the incubator at 37° for ten days. 
They were then twice filtered through heavy Swedish iilter- 
paijer. The second filtrate was allowed to fall into a lar^ 
volume of alraolute alcohol feebly acidified with acetic acid. 
A voluminous, flocculent precipitate resnlted iu each case. 
After the precipitates had subsided the supernatant fluid 
was decanted. The precipitates wexe then treated with dis- 
tilled, water, in which those from x and a were soluble, 
while that from A proved insoluble. A lui^ volume of 
absolute alcohol was ^ain added, and the mixture allowed 
to stand for four days. The precipitates from x and a com- 
pletely subsided, leaving the supernatant fluids perfectly 
clear; but in the case of A the subsidence was not com- 
plete. The precipitates were collected, by decantation and 
filtration, on porous plates, and dried over sulphuric acid. 
These substances are proteid in composition, but differ from 
known proteids and from one another That from x is 
slightly yellow, as 8(»n dejxwited in tlie alcohol, but be- 
comes grayish on exposure to the air. It is readily soluble 
in water, from which it is not precipitated by heat or nitric 
aeid, singly or combined. 

It gives tlie biuret and xantho-proteid reactions. It is 
precipitated by saturating its aqueous solution with ammo- 
nium sulpJiate, and tiierefore cannot be classed with the 
peptones. Sodium sulphate aud carbonic acid fail fc 
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' it down from its aqueous solution, consequently we must 
Bay that it ia not a globulin. 

This leaves us with no other choice than to place it 
among the albumins, but we ranst admit that it possesses 
properties which do not belong to the known albumins. 

The proteid prepared from cultures of the germ a is, as 

seen under the alcohol, very light, flocculenl, aud perfectly 

L white, but BO soon as it is brought in contact with the air 

I it begins to blacken, and finally dries down on the porous 

I plate in black scales. 

It possesses the same general properties in regard to the 
action of solvents and other reagents which were found to 
be possessed by the proteid obtained from cultures of s. 
, The proteid of A is peculiar, inasmuch as it is practically 
L iusoluble iu water. 

I These three proteids are highly poisonous. When iu- 
y jected nuder the akin of kittens or dc^ they cause vomit- 
ing and purgiug, and, when employed in sufficient quantity, 
collapse and death. Post-mortem examination shows the 
small intestine pale throughout am! constricted in places. 
The heart has been invariably, so far, found in diastole and 
filled with blood. The following brief notes from the 
record of esperimeuts will illustrate the nature of the 
Bymptoms and the post-mortem appearances. 
L A small amount of proteid from bacillus x, dissolved in 
K water, was iujected under the skin ou the back of a kitten 
F about eight weeks old. Within one-half hour the animal 
Tjegan to vomit aud purge, aud death resulted within eigh- 
teen hours. The small intestines were pale, contracted in 
places, and contained a frothy mucus. The stomach was 
distended with gas and contained yellowish mucus. The 
Vliver was normal, the spleen aud kidneys congested, and 
l^the heart distended. 

Another kitten was treated with the proteid from bacil- 
llns a, dissolved in water. The vomited and fecal matters 
l^in this case were green. The animal died after fifteen 
I'bourB, and presented appearaucea practically identical with 
^those mentioned above. 

A third kitten was treated with .sf.>me of the proteid of 



I 
I 
I 



ISO 



BACTERIAL rOIHONS. 



k 



bacillus A, suspeuded in water, autl presented substantiallj 
the same symptoms and pust-niortem appearances. 

A fourth aiiimal was treated in the same manner as the 
above with a proteid prepared from some canned meat. 
This was done as a control on the above experiments, and 
the kitten remained unalfected. This esperiment demon- 
strates the fact that the poisonous projierties are peculiar to 
the bacterial proteids. 

Concerning the amount of one of these proteids neces- 
sary to produce a fatal result in the animals experimented 
upon a few experiments have been made. 

Under the skin on the back of a guinea-pig, Vaughan 
injected ten milligrammes of the dry-scale proteid from 
bacillus a. This caused death within twelve hours. Of 
two kittens treated with fifteen milligrammes each of the 
a albumin, one died after forty-eight bom's and the other 
recovered afier two days of purging and vomiting. Two 
dogs, of about five [xtunds' weight, had each forty milli- 
grammes, and, after serious illness of two days' duration, 
speedily recovered. 

During these two days of vomiting and purging the d<^ 
were constantly shivering, as with cold, but the rectal tem- 
perature stood at from 102.5° to 103.5° F. 

There was in no case any sign of inflammation at the 
point of injection. 

Plate cultures have been made from the proteids them- 
selves and from the blood, liver, spleen, and kidneys of 
some of the animals killed with the proteid, and these plates 
have remained sterile, thus demonstrating that no germ 
has been introduced into the animal along with the chem- 
ical poison. 

What conchisions may we draw from these facts when 
considered in connection with the results of the labors of 
Booker and Eschbrich? We will formulate our ideas 
in the following propositions : 

(1) There are many germs, any one of which, when in- 
troduced into the intestines of the infant, under certain 
favorable conditions, may produce diarrhcea. 

As has been stated, many different germs have been 
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found in titc intestines of infants sufferJDg from summei' 
diarrhtea, and we now find that three species of these are 
capable of producing chemical poisons, which induce effects 
siibstantiaDy identit^l with the symptoms observed iu the 
infants, and it is not unreasonable to suppose that many 
other of these germs produce similar poisons, 

(2) Many of these germs are probably truly saprophytic. 
A germ growing in the iotestine does not necessarily 

feed upon living tissue. The food io the duodenum before 
absorption has uo more vitality than the same material in 
the flask. Moreover, the excretions poured into the iutes- 
tines from the body are not supposed to be possessed of 
vitality. A germ which will grow upou a certain medium 
in the flask and produee a poison will grow on the same 
medium iu the intestine and produce the same poison, pro- 
vided it is not destroyed liy some secretion of the body. 

(3) The only digestive secretion which is known to have 
any decided germicidal efFect is the gastric juice; therefore, 
if the secretion be impaired there is at least the possibility 
that the living germ will pass ou to the intestine, will there 
multiply, and will, if it be capable of so doing, elaborate a 
chemical poison which may be absorbed. 

There is no longer any donbt that the acid of the gastric 
juice has a marked germicidal eficct upon many of the 
microorganisms, 

Vaughan has found that an exposure to a two-tenths 
per cent, solution of hydrochloric acid for half an hour will 
destroy Eberth's germ and two poison -producing bacilli 
which he has isolated from drinking-water which was 
believed to have caused typhoid fever. Although the ger- 
micidal effect of this acid has not been tried on the bacteria 
under consideration, doubtless it will be found to be con- 
siderable. 

The chief reason why the breast-fed child has a better 
chance fur life tlian the one fed upon cow's milk lies in the 
feet that the former gets its food germ-free ; but a second 
reason is tu be found in the larger amount of acid required 
to neutralize the cmv's milk, as lias lH?pn pointed out by 
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Esc'HERiCH. Tht' gastric juice is the pliysiulogical guard 
against infection by way of the intestines.' 

It is also possible that some of the secretions poured into 
the intestines have germicidal properties, or that the cells, 
in absorbing the poisonous proteids, may to a limited ex- 
tent so alter them that they are no longer poisonous, or 
that in a perfectly normal condition tiie liver may be able 
to prevent these poisons from entering the general circula- 
tion without change. These are all possibilities, which 
science at some time in the future will investigate. 

(4) Any germ which is capable of growing and produc- 
ing an a l>sorbab1e poison in the intestine is a pathogenic 

It is not necessary that a germ be capable of growing 
and canaing disease and death when injected under the akin 
or into the blood in order to establish its right to rank with 
the pathogenic gerras. In the blood the organism is acted 
upon by a wholly different fluid from that with which it 
is surrounded iu the intestine, and the germicidal properties 
of the blood have been unquestionably demonstrated. 

(5) The proper classiflcation of germs in regard to their 
relation to'disease cannot be made from tlieir morphology 
alone, but must depend largely upon the products of their 
grt>wth. 

As has been stated, three microoi^anisms, ditfering suf- 
ficiently to be recognized as of different species, produce 
poisons, all of which induce vomiting and purging, and, 
when used in sufficient quantity, death. Morphologically 
these bacilli may not be closely related, but physiologically 
they are near akin. 

If these deductions be true, we will try to avoid the 
introduction into the alimentary canal, not only of the so- 
called specific pathogenic germs, but of all toxicogenic 
mioroo rgan i sras, 

> It has been a&id that this stBtement cannot be true, because there are 
other acklB which are more poverful germicides than hydrochloric scid, 
but there ie no force in this urgument. The quaslion is not whether the 
Btomsah ifi BUpplied with the Ter; Iwet geriniRide, hut whether it ia aup- 

Clied with an; at a'1. Tho humau eye may not [le a {wrfect mecbantam. 
Lit it is man's only organ nf vision. 
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lAQiNSKY and Stadthagen have obtained from cul- 
tures of the " white liquefying bacterium " of the fornaer a 
poiaouous proteid whicii produces iu mice, after about five 
hours, slight dyspncea. The coat becomes rough, the ani- 
mal sita with drooping head, and when forced to move does 
80 sluggishly, but without any evidence of paralysis. The 
marked apathy increases, and death results after two or 
three days. Section shows an infihration about the place 
of injection, congestion of the spleen, liver, and peritoneum. 
The intestine is hyperffimic throughout its entire length, 
and its upper p<irtioi! contains a reddish-brown fluid. 

From cultures of the same bacterium Baginsky and 
Stadthagen have also obtained a poisonous ptomaine, 
which is probably identical with one found by Bribger 
in putrid horseflesh, and which has the formula CjH|,NOj. 

That tyrotoxicon is one of the causes of the violent 
choleraic diarrhcea of children there can scarcely be a 
doubt. The symptoms iuduced by the poison cannot be 
diatingnished from those of the disease. The post-mortem 
appearauces are very much alike, if not identical, and the 

f)oison has been found in a sample of milk a part of which 
lad been given to a child not more than two hours before 
the first symptoms of a violent attack of the disease made 
themselves manifest. 



Typhoid Fever. — In 1880, Ebbbth discovered a 
' bacillus which he believed to be the cause of typhoid fever, 
and this belief has been quite generally accepted. In the 
first edition of this work it was stated that the fever and 
the characteristic lesions of the disease had been produced 
in animals by inoculation with this germ. This is now 
known to be erroneous. As has been atated (page 93), the 
essential lesions of typhoid fever may be pro<lnced in ani- 
mals with a number of microiJrganisms, among which, 
however, the Eberth bacillus is not included. The results 
obtained by FrAnkei, and Simmonds, and Seitz have been 
shown by Beumer aod Peiper to be fallacious, and the 

t" 'i which the experiments wore made by Vaughan 
Y, and mentioned in the first edition, is known 
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not 1(1 be klentical with that of Kherth. It is true that 
this germ induce<l Id dogs a wintiDued fever of from 
tweuty-eight to thirty-five days in duration, terminating 
in some instauoes fatally and revealing ulceration and per- 
foration of the small intestines, bnt for this reason it is 
known to be ditferent from Euerth's bacillus, because the 
latter never induces these effecta. !Rotwithatanding this 
faihire to affect the lower animals, the majority of bacteri- 
ol(^!sts believe, as has been stated, that the Euertu 
bacillus ia the sole and only cause of typhoid fever. In 
this believe Vaughan refuses to concur, and claims that 
the Kberth bacillus as found in the spleen' after death is 
an involution form of any one of a number of germs 
which are found in certain waters. As this is not the 
place for an extended discussion of pnrely morphological 
questions, the reader is referred to the literature of the 
subject, and we will content ourselves with giving the 
following summary of what is known concerning the 
chemical prodncts of the Ebertu bacillus and of the 
germs studied by Vaughan. 

In 1885, Bbieoer obtained fiom pure cultures of the 
EuERTH Ijacillus a jwisonous ptomaine, which produced in 
guinea-pigs a slight flow of saliva, frequency of respira- 
tion, dilatation ot the pupils, profuse diarrhtea, paralysis, 
and death within from twenty-four to forty-eight horn's. 
Post-mortem examination showed the heart in systole, the 
lungs hyperiemic, and the intestines contracted and pale. 
At first Brieger was inclined to regard this as the specific 
poison of typhoid fever and named it typhotosine. How- 
ever, he has more recently modified liis opinion and is 
inclined to regard typhoid fever as due to a mixed in- 
fection. 

Briegbr and Franket, have found in cultures of the 
Eberth bacillus a proteid which causes death in rabbits 
after from eight to ten days. They say nothing about the 
symptoms. 

In 1889, Vaughan isolated from mixed cnltni-es from 
typhoid stools a base, forming crystalline salts and I'apable 
of inducing in cats and dogs a marked elevation of tern- 
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Iperature accompauied by severe pui^iug. The following 
is the record of one experimeut with this substance: 

I " An aqueous solution of the crystals was giveu to a dog 
by the mouth at 3 p.m. The rectal temperature before the 
administration was 101° F. At 3.15, retching and vomit- 
ing set in and coutiuued at intervals for more tiian two 
hours. At 3.30, the temperature was 103° F. At 3.55, 
the animal began to purge. The first dischai^s contained 
much fecal matter, but sulisoquently they were ivatery 
and contained mucus plainly stained with blood. At 4, 
the temperature was H>3.5° F. and remained the same at 

I 4.30. The animal was not sl«q again until 10 a.u. the 

I next day, when its temperature was 100.5°, and recovery 

I seemed complete." 

I This base was not obtained in quantity sufficient for an 

I ultimate analysis. The p latino-chloride crystallizes in fine 
rhombic prisms and the hydrochloride in long, delicate, 
red needles. The red color seems to be inherent to the 
Biibstance and not due to impurities. The mercury and 
platinum compounds are iusoluble in alcohol, soluble in 
water. The hydrochloride is soluble in both water and 

f alcohol. 

In 18&0, Vau(5has reported the isolation, from water 

■ supposed to cause typhoid fever, of a number of tosi- 
ec^nie germs. The chemical products of two of these 
have been studied. They belong to the proteids, and an 
analysis of one of them by Fkeer shows it to belong to the 
nucleins. These poisons are soluble in water, the opales- 
cent solution showing a distinctly acid reaction. They are 
not precipitated by heat or nitric acid singly or combined. 
They dissolve in nitric acid, forming a colorless solution, 
which becomes yellow on the addition of ammonia. They 
dissolve in caustic alkalies and the solution becomes purple 
on the addition of a dilute solution of copper sulphate. 

On white rats these poisons produce symptoms which are 

identical with those which follow inoculations with the 

living germs. The rat seems to shiver with cold and gives 

_ evidence of alHlomiual \ta\n. It lie's wilh its limbs flexed 

K and head drawn down for a few seconds, then stretches out 
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the Hide for a short time, then eita 



the limbs. It hes on i 

with the head drawn under the body. 

Dogs shiver as with cold, hut at the same time the rectal 
temperature is from ope to four degrees above the normal. 
In some instances vomiting and purging have been induced. 

The following experiments seem to show that the poison 
accumulates in the nerve-ceuti'es : 

Two guinea-pigs were ti-eated with liyjxidermic injec- 
tions of one of these [Kiisons, the amount used being about 
ten timea the duse which oi-dinarily proves fata! to these 
animals. Withiu twelve hours both were dead. Plate 
cultures made from the liver, spleen, blood, brain, and 
spiual cord remained sterile. Small quantities of the brain 
and cord were rubbed up iu a sterilized dish with sterilized 
water, and two c. c. of the emulsion were injected under 
the skin uf each of four guiuea-pigs. These animals seemed 
to be very excitable the next day, throwiug theraselves 
about violeutly in the cages witen slight uoisea were made 
near them. Within a period of from sixteen to twenty- 
four days all died. This experiment needs repetition, and 
it will be nL'cessary to prepare and inject similar emulsions 
made from other oi^ans before any positive conclusions can 
be drawn. 

In a study of fatal cases of typhoid fever at Bucharest 
Babes finds that the typical germ differs markedly from 
that of Eberth. 

SwiNB-PLACiUE, uR Hoo-ciioi.BRA. — The researches of 
JjOFPLER, ScHiTZ, Lydtin, and Schottblius iu Europe, 
and of B1LLIKO8 and Salmon in this country, have demon- 
strated the existence among swineof at least three infectious 
diseases. These are — 

S) Hog- cry si pel as, or rouget of France, or Schweine- 
lauf of Germany. 

(2) German swine-plague, or Schweineseuche. 

(3) American swine-plague (Billings), or hog-cholera 
(Salmon). 

The first two of these are exclusively European di( 
and their cliemlcol poisons have not been ctadled. 
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The American swine-plague ia preeminently a disease of 

tlie digestive tract involving naost markedly the large in- 
testine. It is the great gwine disease of this country, and 
is probably present in England, where it is associated with 
other diaeases under the name of swine-fever. A disease 
which was observed in Denmark and Sweden for the first 
time in 1888-89 and known as swine-peat or swine-diph- 
tberia, has been shown by Selander, Frosoh, and others 
to be identical with our swine-plague. In the summer of 
18S9 France was visited by a swine disease, which is con- 
sidered by CoBNiL and Chantemesse to be identical with 
the German swine-plague, but which Rietsch and Jobebt, 
after a comparative study of the microorganisms, pronounce 
as the American disease. In this country we have at pres- 
ent no positive demonstration of the existence of any other 
infections swine disease. The swine-plague of Salmon 
has been the subject of considerable discussion, but its ex- 
istence can hardly be said to be established. 

The following statemente concerning the chemical poisons 
refer to the swine-plague of Billings or the h(^-cholera 
of Salmon, which are only two names for one disease. 

In pure cultures of this bacillus NoVY has found a poi- 
sonous base, which probably has the composition C^H^^Nj, 
and to wiiich he has provisionally given the name, suso- 
tosine. One hundred milligrammes of the hydrochloride 
of this base causes in white rats convulsive tremors and 
death within one and one-half hours. Post-mortem exam- 
ination shows the heart in diastole, lungs pale, stomach 
contracted, a serous effusion in the thoracic cavity, and the 
subcutaneous tissue pale and (edematous. 

Now has also obtained a poisonous proteid from cul- 
tures of this germ. The following experiments illustrate 
the effects obtained with this body : 100, 50, and 25 milli- 

I grammes, respectively, were injected into three young rats 
from the same litter. The animal which received lOO mg. 
soon began to crawl about on its belly, being unable to rise. 
The eyes were soon filled with a thick secretion and the 
toes became red. Finally it became quiet, lying on its 
belly, with feet extended. The respirations lictsinie deeper, 



and a coniEi-like condition set in. The aniniul died, witli- 
otit coaviilaions, witliin about three hours. The rat which 
received 50 rag. wcut through the same twurae of Hymptoma, 
but these were teas intense. Death resulte^l four hours 
afler the injection. The one which received 25 mg. be- 
came verj' sick, hut finally recoveral, aud oue week later 
it was given another injection of 30 mg., which produced 
scarcely any effect. Then it was treated at intervals of 
five, three, five, two, and four days, respectively, to 40, 60, 
75, 100, and 125 mg. without effect. Three days after the 
last injection the animal was inoculated with oue c. c. of a 
houiliun culture of the highly virulent germ. Only a 
slight tempomry eflfert was olMcrved during the first day, 
after which recovery was complete and permanent. A 
control rat which was given the same quantity of the cul- 
ture sickeucd the next day and died one week later. From 
this it will be seen that the animal was rendered immune 
against the disease. 

SdiiWElNiTZ also reports the detection of a slightly 
poiuonons base, whtcli he designiites as sucholotoxin, and a 
poisonous pi-oteid, and with these he has been able to secure 
immunity in guinea-pigs against the virulent germ. The 
proleid body is classed among the albumoses, and is said 
to crystalline in white, tranalneent plates wheu dried in 
vacuo over sulphuric acid and to form needle-like crystals 
with platinum chloride. No one else has reported a orys- 
talline bacterial proteid, and this body is deserving of a 
more extended study. 

RAuniT SEmc.iiMiA. — HoFPA has killed rabbits by 
inoculation with pure cultures of the bacillus of this disease, 
and has itjolaled from the bodies of these animals methyt- 
guanidin, while in the bodies of healthy rabbits this poison 
could not be found. The fatal dose of methylguanidiD for 
rabbits was found to be 0.2 gramme when given subcu- 
taneously. Since Hukppe has suggested that the bacte- 
rium of chicken-cholera is identicaf with that of rabbit 
septicaemia, chickens were [Miisoned with methylguaaidin, 
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1 the syroptonis were observed to be analogous to those 
I of the disease. 

Pneumonia. — Bonabdi has made a chemical study of 
the diplococcus of Frasket.. He finds certain poisons — 
ptomaines — which he has been unable as yet to obtain in 
quantity sufficient for ultimate analysis. He also claims 
to have secured immuuity agaiust the germ by treating 
rabbits with small quantities of the chemical poisons. 

Mai,ionant ffiuEMA. — Kerry fiuds that the bacillus 
of this disease decomposes albumin with the formation of 
fetty acids, leuciu, hydro-paracu marie acid, and a foul- 
amelling oil of the composition CgH,„0,. This oil is in- 
suttible in wat«r, alkalies, and acids, easily soluble in ether, 
benzol, bisulphide of carbon, and alcohol. It is optically 
inactive, and on being oxidized furnishes valerianic acid. 
Nothing is said concerning its action upon animals. 
Among the gaseous products are carbonic acid, hydrogen, 
and marsh gas. The author was unable to determine 
whether or not free nitrogen is formed, 

PtjBRPERAi. Fever. — Bourget claims to have isolated 
several ptomaines from the urine of women with puerperal 
fever. His conclusions are gs follows: (I) In puerperal 
fever the urine ctintains highly poisonous tases. (2) The 
toxicity of the urine is most marked when the symptoms 
of the disease are most grave, and diminishes as the synip- 
toms abate. (S)-The ptomaines obtained from the urine 
prove fatal when injected into frogs and guinea-pigs. (4) 
Toxic bases, resembling those obtained from the urine, were 
extracted from the viscera of a woman who had died of 
jKierperal fever. 
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Ogata and Jasuhara find that 
ID the blood-si'nmi of auiiuals uaturalty immuue tu the 
(IiMiase will not on subsequent inuciilation induce the dis- 
euK in iinimals nnturally siieceptible. Thus, anthrax 
germs thrown in frog-blood make mice sick, but da not 
prove fatal to them, aod thuse grown on the blood-aerum 
of white rats or dogs have a similar effect upon rabbits; 
but germs grown in the blood of auimala not inimnne kill 
both mice and rabbits. They also find that the iujection 
of one drop of frog blood-senim or one-half drop of serum 
from a dog into a raonse, any time withiu seventy-two 
hours before to five hours after inoculation with anthrax, 
protects this animal from the disease. A guinea-pig weigh- 
ing 40O grammes was given twenty drops of fn^'s blood 
diluted with the 0.6 per cent, salt solution and immediately 
thereafter inoculated with vinileut anthrax ; the animal 
became slightly sick, but soon recovered. The same was 
true of a nibbit weighing 1500 grammes which was treated 
with 8 ex. of defibriuated dog's blood. The experimenters 
conclude that one-fourth of a drop of the serum of the dog 
diluted to three times it.'i volume with the salt solution is 
the smallest amount which will give immnnity against 
anthrax to a mouse of 10 grammes. 

Kitasato and Beurikg have secured imniimity in 
some animals against tetanus and diphtheria hy the follow- 
ing methods : 

(1) By the method of Frankel {tor diphtheria), which 
has been given. (See page 128.) 

(2) By the additiou of iodine trichloride to cultures four 
weeks old, in the proportion of 1 : 500 ; allow to stand for 
sixteen hours ; inject 2 c.c. into the abdominal cavity of a 
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guinea-pig; three weeks later inject 0.2 c.c, of a culture 
ID bouillon cocitaiuing iodine trichloride id the proportioa 
.f 1 : 5500. 

(3) By the metabolic products of the diphtheria bacillus 
in the living body. In the pleural cavities of guiuea-piga 
killed by inoculation with the germ there is oflen a reddish, 

;erni-free transudate ; 10 c.c. to 15 c.e. of this kills giiinea- 

>igs; small amounts give immunity. 

(4) By inoculating with the virulent germ and arresting 
the growth of the same with iodine tricliroride, gold-sodinm 
chloride, uaphthylaraine, or carbolic acid. ( >f eight guinea- 
pigs, each of which was inoculated with 0.3 c.c. of a viru- 
lent culture, two, which were not treated, died within 
twenty-four hours ; (bur, which had — two each — a 1 |)er 
cent, and a 2 per cent, solution of iodine trichloride injectetl 
immediately and at the place of inoculation, recovered ; of 
two which had the same treatment six hours after the 
inoculation, one died aHer four days. 

(5) By peroxide of hydrogen in diluted sulphuric acid. 
Guinea-pigs bear from 1 :40d0 to 1 : 25O0 ; mice, 1 : 2000 
to 1 : 800; rabbiLi, less than 1 : 1500 of this substance 
per body-weight. Injections of this solution before inocu- 
lation give more or less immunity, or, rather, increase the 
resistance to the disease; given after inoculation it haatens 
deatb. 

None of tliese methods are applicable to the prevention 
or treatment of the disease in man. 

TizzoNi and Cattani have reviewed the above state- 
ments in so far as they refer to tetanus. Tliese experi- 
menters find that the addition of an equal volume of 
either a 2 per cent, solution of fresh chlorine water or 

» iodine trichloride, or a 5 per cent, solution of phenylic acid 
to the poisonous, filtered tetanus culture destroys the tox- 
icity of the same; but they state that the injection of these 
substances into animals either before or after inoculation 
with the germ has no effect upon the development or course 
of the disease. 

I However, they do find that the blood-seriin 
mal which is immune will i)rolect against 
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living germ or the geriu-free culture. Pigeous and Clogs 
are but slightly stisoeptible to tetanus and they arc made 
still leas so by being treuteil fur a uuinber uf times with 
small qnantities of the virulent culture. After each re- 
covery these animals are found to be less susceptible, and 
finally they acquire a high d^ree of immunity, and then 
their blood is employed in securing immunity in other 
animals much after the manner already detailed for 
anthrax. 

TizzoNi and Cattani have attempted to ascertain the 
nature of that constituent of the blood-serum which gives 
immunity. In these experiments serum from a dog which 
had been rendered immune against tetanus was employed. 
In the first place, a filtered culture of the tetanus germ 
was concentrated in vacuo at 40° until one-half c.c. of 
it would kill a rabbit within thirty-six hours. To this 
amount of the culture, the blood-serum was added after 
having been subjected to varied treatment, and the whole 
was subsequently injected into a rabbit. Tlie blood-serum 
retains its antitoxic properties when kept iu the dark at 
15° for some days, and it may be heated to 60° without 
injury. A temperature of 65° weakens, and one of 68° 
(the temperature at which the serum coagn la tea) completely 
destroys the antitoxic properties of the serum. The 
"tetanua-antitoxine" is non-diffusible. It is precipitated 
from the blood-serum on the addition of absolute alcohol 
and from the dried percipitate it may be extracted either 
with water or glycerin, though very slowly with the 
latter. From these facts it is concluded that the antitoxin 
is a proteid with the characteristics of an enzyme. 

Hankin gives the following argument in favor of the 
theory that immunity is not due to ptomaines, but to pro- 
teids : " It is generally admitted that in acquired immunity 
against a disease we are dealing (for the most part, at least) 
with a phenomenon of the nature of acquired tolerance of 
a poison. If we consider what this theory really implies, 
and, further, suppose that the poison involved is a pto- 
maine or other body of an alkaloidal nature, numerous 
diftculties immediately present tiiemselves. For, in the 
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first place, if acquired imtminity is of this nature, we are 
dealing with an acquired tolerance of a poison, which 
tolerance is conferred by administering a single dose, or at 
most a very limited number of doses. Further, this ac- 
quired tolei-ance, thus easily obtained, is very permanent, 
lasting for months, or even years. Now, though acquired 
tolerance of alkaloids is constantly observed, it is but 
limited in degree, and only obtained as the result of a 
lopg-con tinned succession of doses.' Secondly, since ac- 
quired tolerance of this hypothetical poison results in the 
microbe beiug no longer capable of living in the body, 
this theory implies that the poison in question is one that 
is produced by the microbe in order to live there. In 
other words, that it is a poisou capable of lowering the 
barteria-killing power possessed by every living animal 
body.' 

" Of course, it is conceivable that a ptomaine might be 
concerned in doing tin's, but, so far as I know, no parallel 
to such action can be found among liodies of an alkaloidal 
nature. 

"When, however, we turn to what is known of poison- 
ous proteids, we at once find that they have properties 
analogous to those of the hypothetical immunity-giving 
poison. 

" First, as regards the question of tolerance : Two poisons 
are known, which, in the uature of the tolerance they pro- 
duce, resemble the hypothetical poison in question. Both 
of them are albumoses. The first is the ordinary hemi- 
albumose of proteid digestion. It is known that the injec- 
tion of a single minute dose confers immunity against a 
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further dase for a period of twelve hourt 
albumose is tlie poisonous principle of snake-poisou. 
Sf.wall, in 1887, published a very iuteresting research on 
acquired injmntiity against snake-poison. He showed that 
it was possible, by the injection of a few minute doses, to 
give pigeons such a tolerance of this substance that, three 
months after the treatment, they were able to stand what 
would otherwise be seven times the lethal dose. He sug- 
gests in his paper that, by inoculatiou with the ptoma'iues 
produced by bacteria, it may be possible to protect animals 
against their disease-producing powers, although the re- 
markable case of tolerance he had discovered suggested that 
not ptoniaiues, but albumoses, ivere the substances con- 
cerned in giving immunity against a disease;' for I sug- 
gest that this fact — that the only cases of tolerance known 
which resemble the tolerance implied in disease-immunity 
are cases of tolerance against albumoses — strongly suggests 
that immunity against a disease is immunity against an 
alburaose produced by the microbe." 

In conformity with the above-statefl theory, Hankin 
prepared, as we have already stated, from cultures of the 
anthrax bacillus a poisonous albumose, which, when em- 
ployed in small doses, gives immunity ; in large dosre, 
proves fatal. Hankin endeavored to separate any ferment 
that might be present and to which the immunity might 
possibly be due. A quantity of lime-water was added to 
a solution of the albumose and the lime precipitated by the 
addition of phosphoric acid. Theoretically, tlie precipitate 
should contain any ferment present, and the immunity- 
giving property of the albumose would lie diminished by 
the amount of the ferment thus removcil, in case the im- 
munity be due to the ferment. However, the albumose 
was found to have lost none of its immunily-producing 
power. From this Hankin concludes that the albumose 
is the real immunity- producing agent. He does not in- 
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form us whether or not any test of the phosphate precipi- 
tate was made. 

Bacterial Products which Favor the Develop- 
ment OF Infectious Diseases. — Roger has made a 
very interesting contribution on this subject, and if his 
work be confirmed the question of mixed infection will 
become more important tuan it has been supposed to be. 
Rabbits are not naturally susceptible to the germ of eliar- 
bon syraptomatiqne ; indeed, inoculation with pure cultures 
of the bacillus has do visible e^ect. But Roger liuds that 
if the staphylococcus pyogenes aureus, protena vulgaris, or 
bacillus prodigiosus be injected into the animal at the same 
time with the germ of charbon symptomatique the latter 
develoi>s and produces the disease. The same result is 
obtained when a sterilized culture of the bacillus prodigi- 
osus is employed. He at first supposed that the chemical 
products of the bacillus prodigiosus so lowered the vitality 
of the tissues that the pathogenic germ was enabled to 
establish itself; but he found that the same results were 
obtained when the two inoculations were made in distant 
parts of the body. The most marked effects were seen 
when the steriliz^i culture was injected into a vein and the 
charbon bacillus subcutaneously. In these instances the 
rabbits rapidly developed enormous tumors, and died 
within twenty-four hours. One drop of the sterilized cul- 
ture was found to be sufGcieut, when injected intravenously, 
to render rabbits susceptible to the pathogenic germ. 

In this connection it may be remarked that from time 
to time statements have been made which would lead na to 
infer that there are certain poisonous proteids which in 
e way yet unknown render the body especially suscep- 
tible to the invasion of bacteria. BosSBACH injected a 
poisonous albumose from the juice of the papain tree into 
the bloodvessels of animals and obtained a septicasmia. 
The blood was found to be filled with non- pathogenic 
, jfcrms which came from the intestines. The results of 
RosfiBACH have, however, been questioned by others. 
HaNKIN makes the .stalemont that a small dose of snake- 
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poisou, which is too small to kill the auimal outright^ after 
a certain time may cause death from septicsemia. He says: 
" The albumose of the snake-poison has apparently so far 
suppressed the germicidal power of the animal that ordinary 
decay-producing bacteria can increase and multiply in the 
blood. Further, it is often remarked that animals killed 
by a snake-bite putrefy rapidly, as if the bacteria- killing 
power of the blood-serum had been diminished." A simi- 
lar statement has been made concerning the action of the 
poisonous albumose of jequirity seeds. Further investiga- 
tion must discover how much of truth and how little of 
error lie in these claims. 



I 
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SIDS OF THE JJIjOOD. 

As early as 1872 Lewis and Cunningham showed 
that bacteria injected into the circiilatiou rapidly disappear. 
In the blood of twelve auimals, which had been treated 
with such injections, bacteria eoidd be found in only seven 
after six hours. In thirty animals, bacteria were found in 
the blood of ouly fourteen after tweuty-four hours, and in 
seventeen animals, bacteria were found in only two when 
the examination was made from two to seven days after 
the injection. 

In 1874, Traube and Gsoheidlex found that the 
blood taken from a rabbit into the jugular vein of which 
forty-eight hours before IJ cc. of a fluid rich in putre- 
factive germs was injected, remained without undergoing 
decomposition for months. These investigators attributed 
the germicidal pro|)erties of the blood to iis ozonized 
oxygen. Similar results were obtained by Fodor and 
"WYSOKdWicz, The latter acoDunted for the disappearance 
of the bacteria not by supposing that they were destroyed 
by the blood, but that they found lodgement in the capil- 
laries. 

The first experiments made with extra- vascular blood 
were conducted by Ghohmann under the direction of A. 
ScnMiDT, It was found that anthrax bacilli, after being 
kept in coagulating plasma, were less virulent, as shown by 
their effects upon rabbits. Grobmann supposed that in 
some way the bacteria were influenced by the process of 
copulation. 

In 1887, Fodor made a second series of expenmenta in 
which he used blood taken from the heart, and showed the 
marked germicidal properties of this ou anthrax bacilli. 

In 1888, NuTTALL used defibrinated blood taken from 
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various Bjiecies of animals (rabbits, mice, pigeons, amT 
sheep) and found that this blood destroyed the bacillus 
anthracis, bacillus subtilis, bacillus mE^terium, and staphy- 
lococcus pyogenes aureus when brought in contact with 
them. NiSSEN continued this work and employed blood- 
serum as well as defibrinated blood. The cooclusious 
reached were as follows : 

(1) The additiou of Hmall quantities of sterilized salt^ 
solution or bouillou to the blood does not destroy its 
germicidal prupei-ties. 

(2) Cholera germs and Eberth's bacilli are easily de- 
stroyed by fresli blood 

(3) For a given volume of blood there is a maximum 
amount of bacilli which can be added. If too many 
germs are used the destruction is iueomplete. 

(4) Blood whose coagulability has tieen destroyed by 
the injeclioD of peptone is still germicidal, 

(5) Filtered blood-plasma from the horse is germicidal. 
Bbhrino baa attributed the action of the blood of 

white rats on anthras bacilli to the presence of a hypo- 
thetical basic body to which the decidedly alkaline reaction 
of the blood is supposed by him to be due. Later, he lays 
special stress upou the amount of carbonic acid gas in the 
blood-serum, 

Buc'HNEii has made a most exhaustive study of this 
subject, in which he has been aided by VoiT, SiTTMANN, 
aud Okthenbkhgek. The results of this work are stated 
as follows : 

(1) The germicidal action of the blood is uot due to 
phagocytes, because it is not iuflueueed by freezing aud 
thawing the blowl, by which the leucocytes of the blood 
of the rabbit are destroyed. 

(2) Thegermicidal properties of the cell-free serum must 
be due to soluble constituents. 

(3) Neither neutralization of the serum, nor the addition 
of pepsin, nor the removal of carbonic acid, uor ti-eatment 
with oxygen have any effect upon the germicidal proper- 
ties of the blood. 

(4) Dialysis of the serum against water destroys its 
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activity, while dialysis against 0.75 per ceut. salt solutiun 
does not. lu the difFlisate there is no germicidal siihstance. 
The loss by dialysis with water must be due to the with- 
drawal of the inorgauie salts of the serum. 

(5) The same is shown to be the case wheu the serum is 
diluted with water and when it is diluted with the salt 
solution. In the former the germicidal action is destroyed, 
while in the latter it is not. 

(6) The inorganic salts have in and of themselves no 
germicidal action. They are active only in so far as they 
affect the normal properties of ihe albuminates of the serum. 
The germicidal properties of the serum reside in its proteid 
constituents. 

(7) The difference in the effects of the active senim and 
that which bus been heated to 55° is due to the altered 
condition of the albuminates. This difference may possibly 
be a chemical one (due to changea within the molecule), or it 

tmay be due to alterations in mycelial cou struct ion. The 
ftlbumiuates act on the bacteria ouly when the former are 
in an "active state." 
Hallibukton has prepared from the lymphatic glands 
a globulin which he designates as cell-globulin (i, and which 
agrees with fibrin ferment in inducing coagulation in plasma. 
Hankin has tesled the germicidal properties of this cell- 
globulin. Hi-i experiments have been conducted in the 
following manner: The lymphatic glands (in later experi- 
ments the spleen, also) of a dog or cat are freed as much 
as possible from fat aud connective tissue, then finely 
divided, and extracted with a dilute solution of sodium 
sulphate (one part of a saturated sodium sulphate solution 
-\- nine parts of water). The cell-globulin passes into 
solation, while the other proteids are but sparingly soluble. 
After twenty-four hours the fluid is filtered and mixed 
with an excess of alcohol. The voluminous precipitate 
containing the cell-globulin is collected on a filter and 
washed with aijsohite alcohol. For use, a part is dissolved 
in water and a small quantity of a bouillon culture of the 
^_ anthrax bacillus added. Plate cultures are made along 
^^'with control plates from lime to time, and in this way the 
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germicidul property of the substance ia demoDstratea. 
Hankin closes tliis cootribulion with the following cou- 
chisions : 

(1) Halliburton'b cell-globulin (^ has marked germi- 
cidal properties. 

(2) In this respect it differs from iibrin ferment. 

(3) Tlie germicidal property of fliis substance seems to 
be identical with that of serum as deH<;ribed by Buchnek, 
N188EN, and NuTTALL, 

(4) The active properties of the serum are probably due 
to this or to an allied body. 

Iq a more recent contribution Hankin designates the 
germicidal agents of the body as "defensive proteids," 
He thinks it probable that blood-serum owes its activity 
to these bodies and that the assumption of an "active con- 
dition of the serum albuminate" made by Buchner is 
unnecessary. He also thinks that Behrino's supposed 
alkaline base exists in the form of an albuiuose. We know 
of three alburaoses which are alkaline in reaction. These 
are the protorayosinose and deuteromyoslnose of Kuhkb 
and CniTTENDEN, prepai-ed by the digestion of myosin, 
and the anthrax alburaose of Mahtin. 

By a method similar to that which he bad employed in 
the preceding experiments, Hankin haj* isolated a "defen- 
sive proteid" from the blood-serum and the spleen of the 
rat. This substance belongs to the globulins, and the nat- 
ural immunity of the rat against anthrax is probably due 
to its existence in the blood. 

8tehn finds that the blood taken from different men, or 
from the same mau at different times, varies markedly in 
its germicidal properties ; also, that the germicidal proper- 
ties of the blood when kept at 42° are at least as great as 
at the normal temperature of the body. These statements 
are substantially coufirmed by Kovighi. 




CHAPTER VIII. 



f EXTRACTING PTOMAlNEa. 

From what has beet3 given in the preceding pages, one 
Lmay gather some idea of the peculiar difficulties with which 
Lthe chemist has to contend in his endeavors to isolate the 
Ibesic products of putrefaction. He has to deal with very 
■;eoaip]ex substances, uf the nature and reactious of many 
r of which he must l)e ignorant. Besides, the substances 
which he seeks are often must prone to undergo decompo- 
sition, and in this way escape detection. Many ptomaines 
are volatile or decomposable at any temperature near that 
of boiling water. In these cases, solutions cannot be 
evaporated in the ordinary way and the poison separated 
from the residue. Indeed, the investigator has frequently 
been disappointed when on the evaporation of a solution, 
which he has dcnioustratcd to be poisonous, he finds that 
the residue is wholly inert. Again, he may desti-oy the 
ptomaine by the action of reagents which he uses. So 
simple a procedure as the removal of a metalUc base from 
a solution containing a ptomaine, by precipitation with 
hydrogen sulphide gas, has beeu known to destroy wholly 
the ptomaine. Probably the most perplexing difficulty in 
the isolation of these putrefactive alkaloids lies in the great 
number, complexity, and diversity of the other substances. 
present in the decomposing mass. The same ptomaine may 
be present in equal quantities in two sanfples of milk, and 
yet it may be easily obtained from the one, while from the 
other only minute traces can be secured. The difference is 
due to the fact that the other constituents of the milk in 
the two samples are at different stages of the putrefactive 
process, and, consequently, differ greatly in their reactions 
and in their etfecta upon the agents employed to isolate 
. the poison. All chemists will appreciate these diiliculties. 
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Que of the lirst thiDgs fur the chemist who unclf 
to <Io this work is to a.'^certaiD whether or not hia reagents 
are pure. We have found a number of samples of German 
ether, which was imported on aoxinnt of its supposed 
puritj', to yield on spoutaneous evaporation a residue which 
gave several of the alkaloidal reactions, and a few drops of 
which, injected under tiie skin of a fri^, caused paralysis 
and death within a few minutes. We would advise that 500 1 
c.c, of the ether to be used should be allowed to evaporates 
spontaneously, aud its residue, if there be one, be examine^V 
both chemically and physiolc^ically. The basic substance 
which exists in some samples of sulphuric ether ia pyridtue. 

GtTARESCHi and Mosso found commercial alcohol almost 
invariably to contain small quantities of au alkaloidal sub- 
stance, the odor of which is similar to that of nicotine and 
pyridine. Its solutions are precipitated by gold chloride, 
phosphowolframic acid, piiosphomolyMic arid, potassium 
iodide, and Maver's reagent, but not by platinum chloride 
or tannic acid. It does not reduce, or reduces feebly, fecric 
sa1t>4. From one sample of alcohol they obtained a base 
which, in addition to the above reactions, did give a pre- 
cipitate with platinum chloride. Alcohol may be freed 
from these sul^tances by distillation over tartaric acid. 

In amylic alcohol, Haitingbr has found as much as 
0.5 per cent, of pyridine. It may be purified in the same 
manner as reconimende<l for ethylic alcohol. 

Chloroform, when found to leave any residue on evapora- 
tion, should be washed Brst with distilled water, then with 
distilled water rendered alkaline with potassium carbonate, 
then dried over calcium chloride and distilled. 

Petroleum ether sometimes contains a base which h^ an 
odor similartotrimelhylamine or pyridine, aud which gives 
a precipitate with plaliuum chloride, forming in octafaedra. 

Benzole may contain a similar substance. 

The following methods have been used tor the purpose 
of extracting the putreliictive alkaloids : 

The StasOtto Method. — This metbod dei)ends ujwn 
the following Jact.s : (1) The salts of the alkaloids are sol- 
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iible in water and alcohol, and generally insoluble in etiier, 
and (2) the free alkaloids are soluble in ether, and are re- 
moved from alkaline fluids by agitation with ether. These 
principles are capable of great variety in their application. 
Tiie nsual directions are as follows : Treat the mass under 
esarainatiou with about twice its weight of pure 90 jwr 
cent, alcohol, and from t<;n to thirty grains of tartaric or 
oxalic acid; digest the whole for some time at about 70°, 
and filter. Evaporate the filtrate at a temperature not ex- 
ceeding 35° either iu a strong current of air or in vacno 
over sulphuric acid. Take up the residue with absolute 
alcohol, filter, and again evaporate at a low temperature. 
Dissolve this residue in water, render alkaline with sodium 
bicarbonate, and agitate with ether. After separation re- 
move the ether with a pipette, or by means of a separator, 
and allow it to evaporate spontaneously. The residue may 
be further purified by redissolving in water and again ex- 
tracting with ether. 

The following modifications of this method are era- 
ployed: Instead of tartaric or oxalic acid, acetic acid is 
frequently used. 

When the fluid suspected nf containing a ptomaine is 
already acid from the development of lactic or other organic 
acid, tile addition of an acid is oflen dispensed with. 

Ether extracts are made from both acid and alkaline 
I solutions. 

I Chloroform, amytic alcohol, and bctnziue are used as sol- 
vents after extraction with ether. 

The modification of this method, as carried out by Selmi 
and Marino-Zuco is given in detail as follows; 

The material is divided as minutely as [wssible, placed 
in a large flask, and treated with twice its volume of 90 per 
I cent, alcohol, aud acidulated with tartaric acid in the pro- 
I portion of 0.5 gramme to 100 e.c. of the raixtui-e, taking 
k care from time to time that the reaction is [lermanently 
. acid. The dask, wliicli is connected with a reflux condenser, 
ia now placed on the water-bath and kept at the constant 
I temjjeratui-e of 70° for twenty-four horn's. While yet 
I the liquid is translerred to a special apparatus for 
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filtration by the aid of atmospheric pressure. The liquid 
ia poured upon a wet cloth supported upon a perforated 
poi-celain funnel, which is connected below with a receiver 
exhausted by a water-pump or aspirator. In this way 
rapid filtration is secured, and by repeated washing the 
extraction is made thorough. The acid alcoholic liquid is 
now transferred to a special distillation ai>paratus. 

A large tubulated retort of ten litres capacity is con- 
nected by means of a cork to a large tubulated receiver. 
The tubulure of the retort is provided with a small jier- 
forated cork, which carries a glass tube liuely drawu out 
aud extending to the bottom of the retort. The tubulure 
of the receiver is connected with Liebio's bulbs contaiuing 
dilute sulphuric acid (1 to 10), and the bulbs in turn are 
connected with a water-pump or aspirator. 

In order to prevent the passage of air through the corks, 
they are covei'ed with animal membrane which has been 
freed from fat. By means of the aspirator a fine current 
of air is drawn through the liquid and suffices to keep it 
constantly agitated. The retort is kept on the water-batii 
at a temperature of from 28° to 30°. The receiver is kept 
cold by a current of water In this manner the distilla- 
tion of the alcohol goes on rapidly and conveniently. More- 
over, decomposition is so far prevented that volatile bases 
are never found in the bulbs. 

The aqueous residue, after the removal of the alcohol by 
distillation, is filtered and extracted with ether as long as 
anything is dissolved. It is then mixed with powdered 
gliiBS and evaporated to dryness in vacuo. This residue is 
repeatedly extracted with absolute alcohol. The alcohol is 
distilled again iu the apparatus already described. The 
residue is taken up with distilled water and filtered. It is 
then made alkaline with sodium bicarbonate and repeatedly 
extracted with ether, benzine, and chloroform. 

In order to obtain the base from the solvent, the greater 
part may be evaporated on the water-bath aud the re- 
mainder allowe<] to evaporate s^wntaneously, or the re- 
mainder may be ti-eatcd with dilute hydrochloric acid and 
the evaporation continued on the water-bath or in vacuo. 
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Bbagendohff's Method. — The finely diviiled siib- 
slance is digested for some lioui-s with water acidulated 
with sulphuric acid at from 40° to 60°. This is repeated 
two or three times, aud the united filtered extracts are 
evaporated to a syrup. This is treated with four volumes 
of alcohol and digested for twenty- four hours at 30.° After 
cooling, the alcoholic extract is filtered, the residue washed 
with 70 per cent., alcohol, and the united filtrates freed 
from alcohol by distillation. The aqneons residue, diluted 
if desirable, is filtered and submitted to the following ex- 
tractions : 

(1) The acid liquid is shaken with fi-eshly rectified petro- 
leum ether as long as this reagent leaves any residue on 
evaporation. 

(2) The acid fluid is now extracted with benzine. 
(S) The next solvent used is chloroform, 

(4) The liquid is now again extracted with petroleum 
ether w order to remove traces of benzine aud chloroform, 

(5) The liquid is now made alkaline with ammonia aud 
successively extracted with petroleum ether, benzine, ehloro- 
form, and amylic alcohol. 

(6) The remainder of the ammouiacal liquid is mixed 
with powdered glass, evaporated to dryness, the residue 
pulverized, and extracted with cliloroforra. 

The residue obtained with each of the above solvents 
should be examined for ptomaines. 

Brieoer's Method. — The substance under examination 
is divided as finely as possible, and then heated with water 
slightly acidified with hydrochloric acid. During the 
heating care must be taken that the feebly acid reaction is 
maintained. The heating should continue for only a few 
minutes. The liquid is then filtered aud concentrated, at 
first on a plate and then on the water-bath, to a syrnp. If 

, one has material which is highly odorous, as is the ease 
frequently both with aqueous and alcoholic extracts of 

, putrid material, Brieqer i-ecomwends that a piece of 
apparatus devised by BooKLiacu be used. The fluid to be 
evaporated is placed in a globular flask, the rubber stopper 
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of which carries two small glass tubes. Oue of these, B, 
extends to the bottom of the flask, while A terminates jitsl 
above the surface of the liquid. The tube. A, is connecteil 
with a water-pump or aspirator, which draws the vapnr 
tliriKigh the tube. In order to prevent the retnrn of con- 
densed fluids, the end of A in the flask is curved u|)oii 
itself. The tube, B, is finely drawn out and through it a 
ciirreut of air is constantly moving. This prevents the 
formation of a deposit or a pellicle in the fluid. By regu- 




lating the amount of air coming tJirough this tube, more 
or less of a vacuum will be formed in the flask. After 
evaporation to a syrup, an extraction is made with 96 per 
cent, alcohol, and the tiltered extract is treated with a warm 
aloohulic solution of lead acetate. The lead precipitate is 
removed by filtration, the filtrate evaporated to a. syrup aud 
again extracted with 96 per cent, alcohol. The alcohol i.-) 
driven off; the residue taken up with water; traces of 
lead removed with hydrogen sulphide; and the filtrate, 
acidified with hydrochloric acid, evaporated to a syrup. 
This syrup is extracted with alcohol, and the filtrate pre- 
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cipitated with an alcoliolic solution of mercuric chloride. 
The mercury precipitate is boiled with water, aad on ac- 
CuuDt of differences io aolubility of the double compounds 
with mercury, one ptomaine may be separated from others 
at this stage of the process. (If thought best, the lead pre- 
cipitate may be freed from lead and carried through the 
following steps of the process, Briegeb has found small 
amounts of ptomaines in the lead precipitate only in his 
work with poisonous mussels.) 

The mercury filtrate is freed from mercury, evaporated, 
and the ex(«ss of hydrochloric acid carefully neutralized 
with soda (the reaction is kept feebly acid), then it is again 
taken up with alcohol in order to free it from iuoi^auic 
salts. The alcohol is evaporated, the re.^idue takeu up with 
water, the remaining traceaof hydrochloric acid neutralized 
with soda; the whole acidified with nitric acid, and 
treated with phosphomolybdie acid. The phosphomolyb- 
date double compound is separated by filtratiou, and de- 
composed by neutral acetate of lead. This is hasteued 
by heating on the water-bath. The lead is removed by 
hydrogen sulphide, the tiltrate is evaporated to a syrup and 
taken up with alcohol, fram which many ptomaines are 
deposited aa chlorides, or double salts may be formed in 
the alcoholic solution. BRiEftER states that the chlorides 
as deposited from the alcoholic .solution are seldom pure, 
and he advises for their purification, precipitation with 
gold chloride, platimim chloride, or picric acid, and, ou 
account of differences in solubility of these double salts, 
the process of purification is rendered more easy. The 
chloride of the base is obtained by removing the metallic 
base with hydrogen sulphide; while the pierate is taken 
up with water, acidified with hydrochloric acid, and re- 
peatedly extracted with ether, in order to remove the 
picric acid. 

The Methods op Gaih-ier and Etard. — The putrid 
matters, liquid and solid, are distilled at a low temperature 
in vacuo. The distillate (A) coutains a considerable quan- 
tity of ammonium carbonate, some pheuol, skatol, triniethyl- 
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amine, Hud the volatile fatty aciili-. Tbe riisidue after dia- 
tlllntiou Is treatul in suocessiua by etlier and by alcoliol. 

Tbe extrat;tion with etber (B) separates tbe ptumaines 
and some fatty aekis, Tbe alcoholic extract (C) removes 
the remainder of the fatty acids, as well as the acid and 
neutral nitrogeuized bodies, aloiost all of which are crys- 
tallizable. Tbe iusolubte residue is bolted with dilute 
bjdrocbloric acid, with esclusion of air, fiually evaporated 
to dryness, and tlie residue t^in extracted with alcohol. 
This new alcoholic solution (D) can be divided by acetate 
and subacetate of lead into two principal portions. 

By operating in this manner the complex products of 
putrefection are i-eadily separated into four portions. 

In his more recent work, Gactier baa employed tbe 
following method : Tbe putrid liquids, after the removal 
of fats, are feebly acidified with very dilute sulpburic acid, 
then distilled in vacuo at a low temperature. Tbe distillate 
contains ammonia, phenol, iudol, and skatol. Tbe syrupgri 
residue, separated from any crystals which may ha' 
formed, is rendered alkaline with baryta, filtered, and a 
tracted a great number of times with chloroform, in ord< 
to dissolve the bases. The solution is distilled at a Ii 
temperature, either in vacuo or in a current of carbon! 
acid. The contents of tbe retort, on being treated witlT 
water and tartaric acid, separate inio a brown resin and a 
liquid portion. Tbe latter is removed and treated with a 
dilute solution of potash, wben it gives off the odor of 
carbylamine, which was discovered by Gautier in 1866, 
and which, according to Calmel, is a constituent of tb 
venom of toads. Tbe alkali also sets free tbe bases, whici 
are removed by extraction with etlier, and the ether evapo^ 
rated in a current of carbonic add gas under slight pressure, 
then under a bell-jar over caustic potash. Tbe bases may 
be separated by fractional precipitation with platinum 
chloride, or, if present iu sufficient quantity, by distillation 
in vacuo. 

Still later, Gautier has modified his method as follows: 
The aikaline putrid liquid is treated with oxalic acid (in- 
stead of sulphuric acid) to free acidulation and as long 
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tbe fatty acids coutinue to separate. The liquid ia tlien 
warmed and distilled as Ions as a turbid fitiid passes over. 
Pyrrol, skatol, phenol, indol, volatile fatty acids, and some 
of the ammonia pa^s over. The portion which remains in 
the retort is rendered alkaline with lime-wat«r. The pre- 
cipitate which forms, and which contains the greater part 
of the fixed fatty acids, is removed. The liquid portion, 
which is alkaline, is distilled to dryness, care being takeu 
to receive the distillate in very dilute sulphuric acid. The 
bases and ammonia pass over. The distillate ia neutralized 
(with sulphuric acid) and evaporated almost to dryness, 
then decanted from ammonium sulphate, which crystallizes. 
The mother-liquor is extracted with concentrated alcohol, 
which dissolves the sulphates of the ptomaines. After 
driving off the alcoiiol, the residue is rendered alkaline 
with caustic soda, and successively extracted with ether, 
petroleum ether, and chloroform. 

The lime precipitate is dried and extracted with ether 
of thirty-six degrees, which removes any fixed bases that 
may be present. 

Remarks dpon the Methods. — The fundameutal 
difference between the STAS-Orro and the DRAtiESDORPF 
methods consists in the fact that in the former the first 
extr^tion is made with a dilute solution of an organic acid 
(tttrtaric usually), while in the second a similar solution of 
a mineral acid (sulphuric) is employed. In their various 
modified forms any solvent may be used for separating the 
alkaloid from the other constituents of the original solu- 
tion. Therefore, the question has been a-iked, Which is 
the more suitable acid fur use in making the first solution ? 
The answer to this question will also be the one to the 
iquestion, Which is the better method of extracting pto- 
maiines, the Stas-Ofix) method or that of Dragkndobff? 
The Italian chemists Guarbst^hi and Mfwan have at- 
tempted to answer this question experimentally, and the 
tvidence which they have furnished is condemnatory of 
the method of Drao ENDOiefp. They show that basic 
bodies are fornieil by the acliou of the dilute sulphuric 
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acid upon albuminous substauces. As this poiut is of 
vital importance to the investigator iu this branch of 
diemical science, we will give a brief abstract of the work 
of GuARESCHi and Mosso: 

One kilogramme of fresh meat was treated with dilute sul- 
phtu-ic acid (in the proportion recommended iu the Dra- 
UENDOBFF method) and alcohol. The dark solution after 
filtration was made alkaline with ammonium hydrate and 
extracted with ether. The ethereal solution gave on evap- 
oration an oily substance which had the odor of extractti 
obtained from putrid fibrin. This substance, which was 
obtained in considerable quantity, was soluble in water and 
ytrongly alkaline in reaction. After neutralization witli 
hydrochloric acid, its aqueous solutions gave the following 
alkaloidal tests: 

(1) With platinum chloride, a yellowidh-red precipitate, 
insoluble in water, alcohol, and ether, and apparently iden- 
tical with the compoimd obtained from putrid fibrin with 
the same reagent, 

(2) With gold chloride, yellow preci])itate, then reduc- 
tion to metallic gold. 

(3) With phosphomolybdio acid, a heavy, yellow precipi- 
tate, forming a blue solution on the addition of ammonium 
hydrate. 

(i) With pliosphotungstic acid, a white precipitate. 

(5) With Mayer's reagent, a heavy, whitish precipitate. 

(6l With picric acid, white precipitate, instantly. 

(7) With iodine in potassium iodide solution, a heavy 
kermes-red precipitate. 

(8) With tannic acid, white precipitate. 

(9) With merenric chloride, white, amorpiious precipi- 
tate. 

(10) With Marme's reagent, heavy precipitate. 

(11) With potassium ferricyanide, no precipitate, but a 
cloudiness, with a formation of Prussian blue on the addi- 
tion of ferric chloride. 

The same quantity of this meat was also treated by the 
Stas-Otto method. The alcoholic extract was evajxirated 
ou the water-bath and not iu vacuo, The acid was neu- 
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tralized with sodium bicarbonate. The ether extract gave 
on evaporation a faiutly yellow residue, of not unpleasant 
odor and feebly alkaline reaction. After neutralization 
with hydrochloric acid, it was only slightly soluble in 
water. The pale- yellow filtrate gave no precipitate with 
No8. 1, 2, 8, 9, and 10 of the above-mentioned reagents, 
but gave a slight turbidity with Nos. 8, 4, 5, 6, and 7, and 
with 11 formed Prussian blue, 

GuARESCQi and Mosso conclude from this and other 
experiments that the Draqendohfe method m not suit- 
able for the extraction of ptomaines, and they recommend 
the employment of the Stas-Otto method with these con- 
ditions : (1) no more acid should be added than is abso- 
lutely necessary to keep the reaction acid ; (2) the heat 
used in evaporation should not be great, and it is better 
that evaporation should be made in vacuo. lu this way, 
they say, uo ptomaine will be obtained from fresh tissue. 

The same investigators extracted fresh flesh without the 
addition of auy acid. Thirty kilt^ramraes of perfectly fresh 
meat were digested for two hours at from 50° to 60° with 
about one and one-half volumes of water. The fluids of the 
meat contained enough acid to give to the whole of this solu- 
tion an acid reaction. It was evaporated to half its volume 
on the water-bath, filtered, and evaporated still further. 
The small residue was taken up with about four volumes 
of 96 per cent, alcohol. The reddish, alcoholic solution 
left on evaporation on the water-bath a brownish residue, 
which was dissolved iii water and extractetl with ether (A), 
I (heu the solution was made alkaline with ammonium 
I hydrate and again extracted with ether (B). 

A gave on evaporation and cooling crystals of methyl- 
hydantoin, while the mother-liquor contained acetic acid. 

B also yielded crystals of methyl-hydantoin, while the 
mother-liquor gave alkaloidal reactions with most of the 
^neral alkaloidal reagents, none with platinum chloride. 
Methyl-hydantoin does not give these reactions. 

Masino-Zuco has made many comparative tests with 

iheae two methods. He ascertained that by treating fresh 

^L e^s, brain, liver, spleen, kiduey, lungs, heart, and blood 
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by either of the njethods, he roiild obtain a substance which 
gave alkaloidal reaclions, antl which be demonstrated to be 
choliue. His esperimeuts led bim to believe that choline 
did not exist pre-furmed in these fresh tissues, but that it 
resulted from the action of the dilute acids upon lecithin. 
It was fouud moat abnudautly in those tissues which are 
rich in lecithin, such as the yolks of ^gs, brain, liver, 
and biood ; while only traces could be obtained from the 
whites of eggs, lungs, and heart. The method of Dragen- 
DOBFF was found to furnish mnch larger quautities of 
choline than could be obtained hy the Stas-Ott(j method. 

Coppola agrees with his countrymen, mentioned above, 
in condemning the method of Dhagendorff. 

Enough has been said to sliow that resnlts obtained by 
the STA.S-t>l'ro method are much more reliable than tliose 
secured by the metiiod of DragbnDobff. However, the 
former is Dot a perfect method, nor has a |)erfect one yet 
been devised. The principal difficulties met with in the 
Stas-Otto method are as follows ; 

(1) Iq most instances the extraction of the base is very 
incomplete. (2) The degree to wliich the putrefactive 
alkaloid is removed by the solvent will depend very 
lai^ely upou the nature of the other aubstaiices present. 
This fact in some cases aids and in others hinders the 
labors of the investigator. Thus, several ptomaines, which 
when pure are wholly insoluble in ether, may be removed, 
in part at least, from oi^nic mixtures by this solvent by 
paesing into the solution along with other substances, but 
if the attempt is made to purify one of these bases by re- 
peated soUitiou and extraction with ether, the result is a 
failure, because tlie more perfectly the alkaloid is freed 
from impurities, the less soluble it is in ether. This criti- 
cism, however, is equally applicable to the Dragendorff 
method, and to all others in so far as extractions are made. 

However, we may state that whenever it is applimble 
this method is the best now employed. By it the sub- 
stances are submitted to the least chemical manipulation, 
and the results obtained are the most reliable. Many of 
the more complex putrefactive products are so easily de- 
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composed or otherwise altered that the investigator should 
seek to i.wlate them by the simplest methods possible. If 
it can be done without the addition of any acid or without 
the application of beat, so much the better. 

Especially is the modification of this methiid employed 
by Marino-Zuco, anil already described, to be eomniended. 

By his method, Brieger has discovered a considerable 
number of Imsic bodies and has given great impetus to the 
study of tie chemistry of putrefaction. The method is 
ca]iable of a great many modifications. As long ago as 1868, 
Bergmann and Schmiedebero employed precipitation 
with metallic salts in order to obtain sepsine from putrid 
yeast. The method used by them was as follows: Putrid 
yeast was diffused through parchment paper ; the diffiisate 
was acidified with hydrochloric acid, and treated with mer- 
curic chloride solution until a heavy cloudiness and, after 
some time, a slight precipitate formed. This was removed 
by filtration ; the filtrate was rendered strongly alkaline 
with sodium carbonate, and then fiirther treated with a 
solution of mercuric chloride as long as a precipitate 
formed. This precipitate was collected on a filter, washed, 
euspended in a little acidified water, and decomposed with 
hydrogen sulphide. The precipitate was removed, the free 
hydrochloric acid in the filtrate taken up with silver car- 
bonate, and the excess of silver removed with hydrogen 
sniphide. The filtrate was evaporated to dryness; the 
residue dissolved in alcohol (a part remaining insoluble), 
and acidified with sulphuric acid, when a colorless or 
slightly yellow crystalline precipitate formetl. The crys- 
talline sepsine sulphate was purified by solution in water 
and precipitation with alcohol. 

Brieger has obtained some of his bases by a much sim- 
plified modification of his complete method, which we have 
given in full. For instance, in obtaining neuridine, he 
treated the aqueous extract of the putrid material, after 
boiling and filtration, with mercuric chloride, collected the 
precipitate, decomposed it with hydrogen sulphide, evapor- 
ated the filtrate on the water-bath, and extracted the base 
^L^m the residue with dilute alcohol. 
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By this method and its modifications BriecIEj 
olitained many brilliant renn Its, among which maybe men-il 
lioiied his distwery of mytilotoxine, typhotoxine, a.udM 
tf-tauine. ilDwever, the method is not free from criticism. ' 
The great numl)ei' of chemical maniptJstions to which the 
organic matter is subjected is liable to lead to the formatioa 
of some baste substances and to the destruction of others. 
One is justified in cousiderin^ the isolated base as pre- 
existing in the original material only when it produces 
symptoms identieal with those caused by the substance from 
which it is extracted. There oan be uo doubt that by this 
method many ptoma'iues would be decomposed. With it 
EsitENiiEiiC obtained from poisonous sausage only inert 
bases, and tyrotoxicou, the ptomaine of poisonous cheese, 
is decomposed both by heat and the hydrogen sulphide 
employed. The origin of the ptomaines possessing a nius- 
carine-like action discovered by Brieoek has tteen ques- 
tioned by Gram, who states that when the lactate of choline, 
an inert substance which is widely distributed both in plants 
and animals, is heated, it is converted into a jmisou with 
such an ai:tion. 
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Hankin employed the foUowiug process iu preparing 
iiis anthrax proteid : 

" The cultures are made in 0.1 per cent. Liebig's extract 
of meat soliitioo, to which aonie fibrin is edded. The Lie- 
big's extract ia very difficult to sterilize, and mnst be heated 
for two or thi-ee hours in the steam sterilizer on two or 
three successive days. The fibrin must be added only after 
this has been done, and then the fiask is re-sterilized by 
repeated heating to boiling-point, fiir a short time only on 
each occasion. If the fibrin were added at first it would 
be decomposed by the prolonged boiling. By the above 
method this only occurs to a slight degree, a mere trace of 
peptone being present in the sterilized culture-flnid. After 
sterilizing, this ia inoculated with the blood of an animal 
dead of anthrax, and kept at the ordinary temijeratiii-e. 
The anthrax forms a typical growth on the masses of fibrin, 
and samples of the liquid removed on successive days show 
a gradual increase iu the strength of their biuret reaction. 
After about a week the liquid is filtered and the albumose 
extracteil. The reason for not keeping the flask at a tem- 
perature of 37° is that the albumose is gradually decom- 
posed into peptone by the anthrax ferment present, and 
this change takes place more rapidly at the higher tempera- 
ture. For instance, I have found scarcely a trace of albu- 
in a culture which had been kept at 37° for a week, 
\ and which gave u strous; biuret reaction. The albumose 
is separated from the culture-liquid thus prepared by satu- 
ration with ammonium sulphate. It is better to acidulate 
it slightly by addiug a little acetic acid. The bulky pre- 
cipitate of albumose which then appears is filtered off, and 
^K the salt separated from it by dialysis. An excess of thymol 
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must !«■ added at tliis alage to prevent putrefaction, or the 
dialysis can be carried ou in a current of water which is 
warmed to from 45° to 50° C, at whicli temperature the 
urowth of microfjrganigms is inhibited. After dialyziug 
for twenty-four hours or more the greater part of the salt 
wilt have vanished, and the albumose will be found in 
solution in a considerable (juautity of water which will not 
have passed through the parchment. It is now necessary 
merely to concentrate the solution and precipitate the 
albumose by the addition of alcohol. In my earlier ex- 
periments thia was accomplished by evaporating in vacuo 
at a temperature of 45° to 48°. When at length the liquid 
has been reduced to a few cubic centimetres it is poured 
into alcohol, and the precipitated albumose is filtered oW, 
washed with the same reagent (alcohol), and dried. 

" ii^vaporatiug in viinuo is a loug and tedions process, 
and it requires a somewhat complicated apparatus. When 
it is used for path<^enic albumoses there is always a risk 
of the temperature employed destroying or diminishing 
their physiological projjeities. Further, if the albumose 
is allowed to evaporate to drynes.s it may be difficult to 
make it pass into solution tigaiu. To avoid these difficul- 
ties I have designed a method of concentrating such solu- 
tions which is less objectionable. It depemla on the prin- 
ciple tliat, if alcohol and water are placed on opposite aides 
of a membrane, the water rapidly dialyzes through-to mix 
with the alcohol, while only traces of alcohol pass through 
to mix with the water. Couaequently, if a watery solu- 
tion of albumoses is dialyzed against alcohol, the solution 
diminishes in bulk and is rapidly concentrated, owing to 
the passage of the water through the membrane. 

"My modus operandi is to place the dilute albumose 
solution in a parchment sausage skin which is immersed in 
a foot glass full of methylated s])irit. The spirit can be 
changed after some hours if it is desired to prolong the 

Eroeesa ; but this is not usually necessary. lu this way I 
ave been able to bring 400 c.c. of albumose solution down 
to 100 c.c. in the coui-se of a single night, at the ordinary 
temperature, without risk (u the albumose or trouble to 
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myself. The concentrated solution is then poiirwi into 
al>solu(c alcoliol, whi<:h precipitates the alhiimose and re- 
moves any impurities that might be derived from the 
methylaU>3 spirit. This prolonged treatment with alcohol 
will tend to remuve any free ptomEiinps or otlier substances 
soluble in alcohol. Peptonea and salts present in the cul- 
ture liquid remaineil (or the most part in solution when 
the albuniose was precipitated with (NHJ^SO,. So soluble 
proteids (except traces of peptone) \vere present in the cul- 
ture medium." 

Ordinarily the bacterial proteids are isolated by preci- 
pitation with absolute alcohol, re-solution in water and re- 
precipitation with alcohol. However, as has been stated, 
TizzoNi and Cattani find that strong alcohol destroys the 
activity of the poison of their tetanus germ. The method 
enijiloyed in obtaining the bacterial cellular proteids has 
already been given (see pi^e 130). 
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THK IMI-ORTAKCB OF I>TOMAYnKS T() THE 'l-OXUXJUKilST. 

The presence in the cadaver of substances which give 
not only the general alkaloidal reactions but respond lo 
some of the tests which have hittierto beeu oonsidertti 
characteristic of individual v^etable alkaloids, must lie 
of the greatest importance to tosi<x)logists. The possi- 
bility of mistaking putrefactive for v^etable alkaloids 
should always be borne in mind by the chemist iu making 
his medicx)-legal investigations. On the other hand, as we 
have seen in preceding chapters, cases of poisoning by 
ptomaines sometimes terminate fatally, and in such in- 
stances the chemist should not be satisfied with determin- 
ing the absence of mineral and vegetable poisons, but 
should strive to detect in the food or in the dead body 
positive evidence of the presence of the putrefactive 
alkaloid. 

We will give a brief aciwint of those cases in which 
putrefactive substances have been found to resemble in 
their reactions the vegetable alkaloids. 

CoNiiNE-LiKE Substances. — The most (slebrated case 
in which a substance giving reactions similar to those of 
coniine has been found, was tlie Brandes-Krebs trial, 
which took place in Braunschweig in 1874. From the 
undecomposed parts of the body two chemists obtained, 
in addition to arsenic, au alkaloid which they pronounced 
coniine. This substance was referred to Otto for further 
examination. Otto reported that the substance was 
neither coniine nor nicotine, nor any vegetable alkaloid 
with which he was acquainted. Otto converted the sub- 
stance into an oxalate, dissolved it in alcohol, evaporated 
the alcohol, dissolved the residue in water, rendered this 
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aolution alkaliue with potash, then extracted the base with 
petroleum ether. On evaporatioD of the jKtroleiim ether 
the alkaloid appeared as a bright yellow oil, which hud a 

t strong, unpleasant odor, quite difierent, however, from 
that of coQiine. It was strongly alkaline and had an 
iutensely bitter taste. At ordinary temperature it was 
volatile. From its aqueous solution it v/aa pi-ecipitat^cl 
by the chlorides of gold, platinum, aud mercury. In 
these reactions it resembled nicotine, from which it differed 
in the doable refractive and crystalline character of its 
hydrochloride. With an ethereal solution of iodine this 
substance did not give the Rodssin test for nicotine, but 
instead of the long ruby-red crystals there appeared small, 
dark-green, needle-shaped crystals. 
K This substance was found to be highly poisonous. Seven 
H oentigrammes injected subcutaneously into a large frog pro- 
V duced instantaneous death, aud forty-four milligrammes 
given to a pigeon caused a similar result. On account oi its 
poisonous properties the jury of medical experts decided 
that the substance was a vegetable alkaloid. Giro says 
that this decision astounded the chemists. 

BHOUAKDBLand BoUTMYfound in the body of a Woman, 
who had died, after sutfering, with ten other persous, from 
choleraic symptoms from eating of a stuffed goose, a base 

» which gave the odorof coniine and the same reactions with 
gold cLiioride aud iodine in potaasium iodide, etc., as 
coniine. The same base was found in the remainder of 
the goo.w. But it did not give a red coloration with the 
vapor of hydrochloric acid, and it did not form butyric 
add on oxidation, and although it was poisonous, it did 

not piitduce in frt^ the symptoms of couiine poisoning. 

Sei.mi repeatedly found coniine-like substances in de- 
I composing animal tissue. By distilling an alcoholic extract 
[ ifVom a cadaver, acidifying the distillate with hydrochloric 
1 acid, evaporating, treating the residue with barium hydrate 
[ and ether, and allowing the ether to evaporate spontane- 
l»usly, he obtained a residue of volatile bases, the greater 
■ part of which consisted of trimethylamine. After remov- 
W mg the trimethylamine, the residue had the o<lor of the 
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uriiie of the raoiiae. Ijater, Selmi obtained au unmistak- 
able coniine odor from a chloroform extract of the viactra 
of a person who had been buried six months, and in an- 
other ease ten months after burial. Two or three drops of 
an aqueous solution of the alkaline residue of the chloro- 
form extract allowed to evaporate on a glass plate gave off 
such a penetrating odor that Selmi was compelled to with- 
draw from close proximity to the substance. The odor 
imparted to his hands in testing the substance with the 
general alkaloidal reagents remained for half an hour. 
This volatile base seemed to be formed by the spontane- 
ous decomposition of other ptomaines. 

An aqueous solution of a ptomaine obtained by Selmi 
by extraction with ether according to the Stas-Otto 
method from the unde(X)mpoaed parts of a cadaver had 
no marked odor, but after having been kept for a long time 
in a sealed tube it not only gave off a marked coniine 
odor, but the vapor turned red litrans-paper blue. Again, 
the sulphate of a ptoma'ine obtained from putrid e^- 
albumin, on standing formed in two layers, one of which 
was a goldeu-yellow liquid, which ou being treated with 
barium hydrate gave on ammonia, and later, the odor of 
coniine. Since butyric and acetic acids were formed by 
the oxidation of this base, Selmi concluded that he bad 
real coniine or methyl coniine, and that it was formed by 
the oxidation of certain fixed ptomaines, or by the action 
of different amido bases on volatile fatty acids. There- 
fore Selmi believed in the spontaneous origin of coniine 
or closely allied bases in putrid matter, also in the exist- 
ence of a "cadaveric coniine." 

The substance which was found by Sonnensciiein in a 
criminal trial in East Prussia, and which was lielieved by 
that chemist to be the alkaloid of the water hemlock (cicuta 
virosa), is thought by Otto, Husemann, and others, to be 
a cadaveric coniine. Otto says that the symptoms re- 
ported in the case were not those of either coniine or 
cicuta. S0NNEN8CHEIN obtained the base six weeks afier 
the exhuming of the body, which had been buried three 
months. The base had the odor of coniine, the taste of 
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tobacco, gave with potassium bichromate and sulphuric 
acid the odor of butyric acid, and behaved with reagents 
like couiine. 

ilusEMANN states that at present it is very difficult, if 
not impossible, for the clieiuist to state with certainty that 
he has detected true eoniiue in tlie dead body. The symp- 
toms and the post-mortem appearances must conform with 
those iudiiced by the vegtitable alkaloid. The analysis 
must be made l>e fore decomposition sets in, and the amount 
of the base found must be sufRcient for physiological ex- 
periments to be made with it. 

A NicoTiNK-r.iKE Sdbstance. — WoLcKExnAAR ob- 
tained from the decomposed intestines of a woman, who 
had been dead six weeks, by extraction with etiier from an 
alkalioe solution, a base which bore a close resemblance to 
nicotine. The base was fluid, at first yellow, but on being 
exposed to the air, brownish-yellow. It was strongly alka- 
line iu reaction and gave off an odor resembling nicotine, 
but stroufrer, not ethereal, but benumbing and similar to 
that of fresh poppy-heails. It was soluble in all propor- 
tions iu water, and the solutions, which did not become 
cloudy on the application of heat, did not taste bitter, but 
were slightly pungent. The peculiar odor did not disap- 
pear on saturating the base with oxalic acid. The hydro- 
chloride was yellow, like varnish, had a strong odor, and 
became moist on exjwsnre to the air. Under the micro- 
scope it showed no crystals, differing in this respect from 
nicotine hydrochloride. It differed from nicotine also in 
its reactions with potassio-bisrauthic iodide, gold chloride, 

I iodine solution, mercuric chloride, and platinnra chloride. 
It also failed to give the Rocssin test for nicotine. More- 
over, it could not be identified with trimethylamine, spar- 
teine, mercurialine, lobcline, or other fluid and volatile 
bases. 
The studies of Ronscii and Fassdender (page 28), of 
S<;hwanert (page 28), of LiEnEBMANN (page 30), and 
of Selmi (pagi; 31), have already been referred to in a 
preceding chapter. 
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Strychnine-like SuBSTANCiw, — In a criniipal proae- 
cutiou at Veroaa, Ciotta obtained from the exhumed, but 
ouly slightly decomposed body, an alkaloid which gave a 
crystalline precipitate with iodine in hydriodic acid, a red 
coloratiou with hydriodic acid, and a color test similar to 
that of strychnine with sulphuric acid and potassium 
bichromate, aod with other oxidizing agents. This sub- 
stance was strongly poisonous, but did not produce the 
tetanic convulsions which are characteristic of strychnine. 
Ciotta pronounced this substance as probably identical 
with strychnine. Portions of the body were subsequently 
submitted to Selmi for his opinion, Selmi fouud that 
the substance which gave the color-reaction was not crys- 
talline, and that there was only "the presumption of a 
bitter taste to it," while one part of strychnine in 40,000 
jrarts of water is intensely bitter. Selmi also held that 
many ptomaines give reactions similar to strychnine with 
iodine in hydriodic acid and with hydriodic acid. He 
also held that its physiological properties were such that it 
could not be strychnine. This substance could hardly 
have been aspidospermine, which reacts with sulphuric 
acid and potassium bichromate similarly to strychnine, be- 
cause quebracho bark, in which this alkaloid is found, was 
not at that time used as a medicine or known in Italy. 

Ptomaines giving reactions similar to those of strych- 
nine, and also causing tetanic spasms, have been found in 
Italy in decomposed corn-meal, Selmi obtained one of 
these sutHtances, but fouud that it differed from strychnine 
inasmuch as it could not be extracted with ether. 

TjOMBHOSo has named the poisonous substance found in 
decomposed corn-meal pellagroceine, but this is really a 
mixture of ptomaines, some of which prixince narcosis and 
paralysis, and others produce the symptoms of nicotine 
poisoning instead of the spasms caused by strychnine. 

A Morphine- LIKE Substance. — In the Sonzugua 
trial, at Cremona, Italy, the experts seem to have con- 
founded a ptomaine with morphine. This substance was 
not removed from either alkaline or acid solutions with 
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r ether, but could be extracted with amylic alcohol. It 
\ reduces iodic acid, but iu its other reactions, as well as id 
1 its physiological properties, it bore no reaeniblance to 

morphine. In i'roga it arrested the heart in systole, which 
' 18 said never to happen in poisoning with morphine. It 

failed to give both the ferric chloride and the Pellagri 

tests for morphine. 
[ In the .same body there was found a substance which 
I was extracted from alkaline solutions with ether, and which 
r gave, with hydrochloric acid and a few drops of sulphuric 
' acid, on the application of heat, a reddish residue similar 
I to that obtainal by the same reagents with codeine, but in 
I its other reactions it did not resemble this alkaloid. 

Atropine-likeSuustakces. — Many investigators have 
I found products of putrefaction which iu their mydriatic 
properties resemble atropine and hyoscj-amine. To this 
elass belongs the substance observed by Zuelzer and Son- 
I MENSCHEiN. It was removed from alkaline solutions by 
*flther, and formed microscopic crystals, an aqueou.'j solution 
of which, when applied to the conjunctiva, produced a 
mydriatic effect, and, when administered internally, in- 
creased the action of the heart and arrested the movements 
of the intestines. Moreover, with certain alkaloidal re- 
agents, such as platinum chloride, it resembled atropine. 
But when heated with sulphuric ai'id and o.vidizing agents 
it did not give the odor of blossoms (Rbuss's teat). How- 
ever, SelmI found ptomatropines which with sulphuric 
acid and oxidizing agents did give the blossom odor as dis- 
tinctly as the vegetable atropine. These putrefactive bases 
also developed this odor spontaneously after standing for 
two or three days, and this does not happen with atropine. 
The odor was produced with the ptomatropines by nitric 
and sulphuric acids, l>ath in the cold and on the applint- 
tion of heat, while these acids in the cold do not produce 
the odor with atropine, 

DiGlTAl.lNE-l.iKE SouSTANClM. — Elsewhere we have 
' referred to the discovery of a ptoma'ine belonging to this 
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class by Rditscn and Faksbbndeb (see page 28). Teot- 
TARELLi obtained a similar substance fi'ora the brain of a 
man in whose abdominal viscera he could find uo poison. 
The sulphate of this base gave ou evaiwration an aromatic- 
smelling and astrin gen t-ta- ting residue. It became purple 
with sulphuric acid alone, and dark red with hydrochloric 
and sulphuric acids. On fr<^ this ptomaine showed no 
toxic effect. 

A Veratrine-like Substance. — BimuAiiDEL and 
BouTMY obtained from a corpse which lind lain in water 
for eighteen months, and a large portion of which had 
changed into adipocere, a ptomaine resembling veratrine. 
It was removed from alkaline solutions by ether. On 
being heated with sulphuric acid it became violet. With 
a mixture of sulphuric acid and barium peroxidu it be- 
came, in the cold, brick-red ; and, on being heated, violel. 
With boiling hydrochloric acid it took on a cherry-red 
coloration. However, it differed from veratrine, inasmuch 
as it reduced ferric salts instantly, and wheu injected into 
frogs subcntaneonsly it did not indnce in them the spas- 
modic muscular contractions characteristic of veratrine. 

Bechamp obtained by the Stas-Otto method froni the 
products of the pancreatic digestion of fibrin an alkaloid 
body which gave with sulphuric acid a beautiful carmine- 
red, similar to that given with veratrine. By digesting this 
substance with gastric juice, and again extracting, he 
obtained a body which Ijehaved with sulphuric acid similar 
to curariue. 

A Delphininr-like Surstascb. — In 1870, General 
Gibbone, an Italian of prominence, died suddenly. His 
servant was accused of having poisoned him. Two chem- 
ists of some reputation reported the presence of delphinine 
in the viscera. It seemed somewhat improbable tliat the 
servant should know anything of so rare a substanoe, cw 
that he should have been able to obtain it. However, two 
or more varieties of staphisagria grow in Southern Italy, 
and it was possible that the servant bad used some prepaid- 
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tion made by himself from tlie plant. The supposed alka- 
loid was giveu to Selmi, of Bologua, for further study. It 
was removed from alkaline aoliitioiiB by ether. When 
heated with phosphoric acid it l)ecarae red, and when 
brought in contact with couceutrated sulphuric acid, i-ed- 
dish-browu. In these test-s the snhstaDce resembled delph- 
iniiie, but witli sulphuric acid and bromine water, also 
with FmiHDK'H reagent, the colorations characteristic of 
the vwclable alkaloid failed to apjKar. Moreover, Sbi.MI 
showed that delphinine gave the following reactions, to 
which the suspected substance did not respond : (1) Delph- 
inine dissolved in ether, and treat^'d with a freshly pi-epared 
ethereal solution of platinic chloride, gives a white, floocu- 
lent precipitate' which is insohible in an equal volume of 
absolute alcohol. (2) Delphinine gives precipitates with 
suro-j^inm hyposulphite, and with a sulphuric acid solu- 
tion of cupro-sodium hyposulphite, the latter precipitate 
being soluble iu an excess of the reagent. 

Fiually, UiAa^iA and Vella showed that while delph- 
inine arrests the heart of the frog in diastole, the siispected 
substance arrests it in systole. 

A COLCHTCISB-I.IKE SuBSTANCE. — BaDWERT fouud in 

B suspected c-aae of poisoning, twenty-b,vo months after 
death, a substance which gave many of the reactions for 
colchicine. It was extracted from acid solutions with ether, 
to which it imparted a yellow color. On evaporation of 
the ether a yellow, amorphous substance remained, and 
this dissolvai in warm water with yellow coloration. It 
could be extracted from acid solutions also by chloroform, 
benzol, and amylic alcohol, but not by petroleum ether. It 
was removed with much more difficulty from alkaline 
solutions. 

All the extracts were yellow, and letl on evaporation a 
feebly alkaline, markedly bitter, sharp-tasting, amorphous, 
yellow residue, which dissolved in water and dilute acids 
iDcompletely, forming a resin. When this resin was dis- 
solved in dilute sodium hydrate, and the solution rendered 
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acid by sulphuric acid, the same reactions were obtaiued as 
with the original extract. 

With phoaphomolybdic acid, phosphotuugstic acid, potas- 
siu-bismtithic iodide, potassio-mercuric iodide, iodine iu 
potassium iodide, taunic acid and gold chloride, this sub- 
stance gave the same reactions which were obtained bv- 
jiarallel experiments with genuine colchicine; thus, the 
lauuic acid precipitates were both soluble in alcohol, and 
the precipitates with phosphomolybdic acid in both cai^es 
became bine on the addition of ammonium hydrate. 

Concentrated sulphuric and dilute nitric and hydrochloric 
acids dissolved the supposed colchicine with yellow colora- 
tion. Strong nitric acid (1.4 sp. gr.) colored the substance 
dirty red, scarcely to be called a violet. When the sub- 
stance was purified as much as possible, this color became 
a beautiful carmine-red. The addition of water changed 
the red into yellow, and caustic soda produced a dark, dirty 
orange. 

In general, in the above- me utioned reactions, the putre- 
factive product agreed with the real colchicine, but the 
former gave precipitates with picric acid and platinum 
chloride, while the latter gives no precipitates with these 
reagents. 

In 1886, Zeibei, proposed the following test for colchi- 
cine: When a hydrochloric acid solution of the alkaloid is 
boiled with ferric chloride, it becomes green, sometimes 
dark^reen and cloudy. Now, if the fluid be agitated with 
chloroform, the chloroform will sink, taking up the coloring 
matter, and appearing brownish, gianite-red or dark, and 
the supernatant fluid cleam up without becoming wholly 
colorless, 

Baumbrt applied this test to both colchicine aud the 
putrefactive product. To from two to five cubic centi- 
metres of the susjiectcd solution in a test-tube, he added 
from five to ten drops of strong hydrochloric acid and 
from four to six drops of a ten per cent, solution of ferric 
chlonde, then heated the mixture directly over a small 
Same until it was evaporated to half its volume or less. In 
tfie presence of one milligramme of colchicine the originally 
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brightr-yellow solution became gradually olive-green, and, 
on further cont^ntration, dark-green and cloudy, Thpn, 
on shaking the fluid with chloroform, admitting as much 
air as possible, tlie chloroform subsided, having a ruby-red 
color if 33 much as two milligrammes of colchicine were 
present, and a bright yellow if only one milligramme, and the 
supernatant fluid betkme of a beautiful olive-green. When 
ether, petroleum ether, benzol, carbon disulpbide, or amylic 
alcohol was substituted for the chloroform, the coloration 
did not appear. From this Baumert infers that the red 
coloring matter is either only soluble in chloroform, or that 
it is not formed until the chloroform is added. 

Baumert found this test of great value in deciding 
whether or not the substance which he found was colchi- 
cine. The putrefactive product did not respond to the 
test. 

Some of this substance was sent to Brieger, who de- 
cided that it was not a base, hut a peptone-like substance. 
It was also found to be inert physiologically. 

Before these investigations were made by Baumert, 
LiEBERMANN had found the same or a similar colchicine- 
Hke substance in the cadaver. His description differed 
from that of Baumert only in regard to the taste of the 
substance, Liebermann having failed to observe any 
marked t.iste in the substance which he found, while, as has 
been stated, Baumert reported a distinctly bitter taste. 

A colchicine- like substance has been found in beer, and 
it has been su^ested that it was this which the above- 
mentioned toxicologists found in the bodies which they 
examined, but Liebermann states that the man whose 
body he examined bad been a total abstainer from beer. 

Tamba compared the reactions of ptomaines obtained 
from putrid sausage with similar reactions of various alka- 
loids, and then ascertained the efl^eot upon the alkaloidal 
reactions by mixing thealkaloids with the ptomaines. His 
results are as follows : 

Morphine, — Ptomaines are colored yellow with nitric 
t acid; reddish-yellow with concentrated sulphuric acid; 
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blue, violet, then green with FuiiHDE'a reagent ; yellow 
when ova|Jorated with coneentrateti suiphiirie aciii, then 
treated with hydrochloric! acid and decomposed with sodium 
bicarbonate. The ptomaines reduce ferric chloride, but uot 
iodic acid. With sujiar and concentrated milphuric acid, 
they give a yellow colomtion. 

Mixtures of the ptomaines and morphine give absolutely 
characteristic reactions fiir morphine with sugar and snl- 

Ehtiric acid, the violet coloration api»earing distinctly ; and 
y evaporation on the water-bath with sulpli uric' acid, addi- 
tion of hydrochloric acid and decomposition with sodium 
bi<arbonate, the violet color appearing. Iodic acid is re- 
dm^d by morphine in the presentee of ptomaines, only 
when the ptomaines are present in minute qnuntity. 

The other reactions for morphine uri' not applicable in 
the presence of ptomaines. 

Stry(;iinine. — The clianu'tertstif color reaction for this 
iilkiddid, witli potflssiuni bichromate ami sulphuric acid, ta 
nut iill'i'i'tii! by the piTsence of pt4imaincs.' 

BkuciNK. — The nitric acid reaction tor bnicinc ts not 
atfetted by ptomaines. On the other linnd, the rcai'tion 
with sulphuric and nitric acids, in which a n^\ ciilomtion 
18 obtainwl, is scarcely visible in the proacni* of pbimaiiice. 
The action of niercuric nitrate and heat on bruoiiie, by wlii<!h 
a violet coloration is prcMluced, is not destroyed by the 
presence of ptomaines. 

Veratrine. — The chamcteristic coloration of veratrine 
by foni^'ntrat<Kl su[j)liitric aciid is not influenced by pto- 
inaines. The same is true of the cherry-red coloration with 
conc«'ntrate<! hydrochloric add. On the contrary, the action 
of sugar and sulphuric ac-id on veratrine is without result 
in the prcHcnce of ptomaines. 

Atropine. — Tlu; dw'p violet cnloration prodnccd by 
fuming nitric acid, sulisu<{Uont conccntrution, and tlie oddi- 
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Ition of alpoholic pntassium hydratt, is not affttted by the 
I preBemie of ptnmamps On tlie othtr hand, the eharactcr- 
' istic odor producLii \n tht. urtion (if '9iil|ihuric acki and 

heat on atropmi h ^i iruh rwOf^ni/iIih wlim ptoniiiiricfi 
are present. 

NabceiHE. — The iiloiid-rcl color prodiu'i-t] hy i-onn-u- 
tratcd sulphuric auiJ taila iu tlio pruhL'nii; uf ptoiimines. 

CoIjCHICINE, — Fuminw nitric acid colors tliu pttjiiiiiiuca 
reddish-yellow, but the violet colomtion of colchicine with 
nitric acid appears in well-defined form, even in the pres- 
ence of ptomaines. The other reactiona for itilciiicino are 
valueless when ptomaines are present. 

Codeine. — The Mue coloration of codeine with conceu- 
tnited sulphuric acid holds good when ptnmainca arc prt'sent. 
The same is true of the reiictiou with sulphnriti acid, heiit, 
and the subsequent addition of nitric acid, FaiiHDB's re- 
agent fails witli codeine when mixed with ptomaines, inas- 
much as the bluish eolonition rapidly passes into a brown. 

AcoNiTiNE. — Phi>8phoric acid and (flncentrate<l sulphuric 
a<!id arc without n'actiun on tlic alkaloid when mixed with 
ptomaines. 
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PiCKOTOXiNE. — TJic rcdiiciufx action of picrotoxiiie on Jj 

t alkaline copper sitlpliatc solution is seriously aftecfed by tlie ^^^H 

pr€8Gn(« ot ptomaines. The same is true of other teste for ^^^| 

this poison. ^^^| 

Delphinine. — The reaction of dclphininc with sulphuric ^^^H 

acid and bromine water, us well as the on(? with Frohde's ^^^H 

rea};ent, is so nnicli influL-nc^H.! hy the present^' of ptomaines ^^^H 

that the alkaloid cannot l)c retxignizcd. 1 

These results are to l)e a«x!pted with caiition, as it is not 
H rcsaonahle to sup]>o8c that all ptomaini's will affix^t the test 
^H for the vegetable alkaloids in the same manner or to the 
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same degree. Nforeover, there is no proof that Tamba 
workcnl with pure ptomaines. 

Tamba has also proposed to separate vegetable from 
putrefactive alkaloids by adding to ethereal solutions of 
mixtures an (Hjual volume of a saturated ethereal solution 
of oxalic acid, and allowing to stand, when the oxalates of 
the vegetable alkaloids will separate in crystalline form, 
and the oxalates of the ptomaines will remain in solution. 
In other words, the oxalates of the vegetable alkaloids are 
insoluble in ether, while the oxalates of the putrefactive 
alkaloids are soluble in ether. But, in contradiction to this, 
BocKLiscH states that the oxalate of cadaverine is insoluble 
in ether. 

The most important work which the toxicologist is called 
upon to do at present is to isolate and identify beyond all 
question the bacterial poisons. This work has become im- 
portant on account of the frequent occurrence of poisoning 
from articles of infec^ted food. 
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The basic substances described iu the followiDg pages 
are arranged, so far as possible, in the regular natural order. 
An inspection of tlie list of these bases will show the remark- 
able fact of the predominancy of the amine type. Almost 
two-thirds of the known ptomaines contain only C, H, and 
N, and represent simple ammonia substitution compounds. 
Of the oxygenated bases, all of tliose whose constitution is 
known possess the trimethylaniine moleculeas their basic 
constituent, and it is quite probable that most, if not all, of 
the remaining ptoniaines will 1«; foimd to possess the same 
or a similar basic nucleus. 

It will l)e 8wn, ftirthermort*, that a vcr}' lai^e number of 
the ptomaines described possess little or no toxic action, 
and are, tliereforc, physiologically inert. It would aeeni, 
as BbiBGEB has already pointed out, that a certain quantity 
of oxygen is necessary to the formation of poisonous bases. 
A free supply of oxygen, on the other hand, invariably 
yields non-toxic ptoma'iues. The poisonous Imscs bi^iu to 
appear on about the seventh day of putreiaction, and in 
turn disappear if this is allowed to go on tor a considendjle 
period of time, 

Mbthylaminr, CHj.NH2. — This is the simplest oi^niti 
base that is formetl iu the profX'ss of putreiiii'tion. It is 
ammonia in which one atom of hydrogen has iK'pn rt^placed 
by the methyl raditwl. It occurs in hen-iug-brine (Tiii^ 
LESS, 1866 ; BoOKLisCH, 188,5) ; in decomposing herring, 
twelve days in spring (Bocklisc'h) ; in pike, six days in 
summer (Bocklisch) ; in hiuldoc^k, two mouths at a low 
ttmijerature (Boc^kliSch) ; in the fermenbition of <:hoiiue 
chloride (Hasebhoek), Brieoer has shown it to be 
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were kept for six weeks at 37°-3H°. EiifiENBERCi re- 
ported its po3sil»k' presenw in poisnnong sausage, imd ob- 
tained it by growiiij!; a l>aeillus fnun this source on int«5- 
tinea (1887), Ju Bbiegeb's luctluHl, methylamine is ibund 
both in the mercuric cliloride |»rwipitate aud filtrate. The 
mercury double salt is readily soluble in water, and can 
thus l>e separated from any awompanyiug radaverine or 
putrescine. Methylamine is an inflammable gaa of strong 
ammoniaeal odor, and burning with a yellow flame. It is 
i-eadily soluble in watair, and its solutions give reac-tions 
similar fo those of anuiionia. Its salts are, as a rule, also 
soluble in both water imd aliwhol. 

The Hydrochixjride, CUjNn3.HC!, crystallizes iu 
large deliquescent plates. On Ix'ing heated with alkali, it 
gives off tiie odor of methylamine. 

The Platihochloride, (CH,.NHj.HCl)jPtCI. (Pt = 
41.31 per cent,),' yields hexagonal plates which usually 
occur heaped up in several layers. It is soluble in about 
fifty parte of wafer at ordinary temjK'niture, and cau be 
readily recrystallized from hot water. It is insoluble in 
absolute alcohol and in ether. 

The AuHOCHLORiDE, CHj.NHj.HCl.AuCl, + H,0, 
forms prisms, whioli are readily soluble In water. There 
is also a readily soluble ptcrate. 

Methylamine does not possess any toxic action, even when 
{jiven in fairly large doses. This physiological indifference 
is shared by nearly all the monamines and diamines that 
have btien obtained among the products of putrefaction. 

DiMETHYLAMiNE, (CHj}j.NH, hiis bccn found in putre- 
fying gelatin, ten days at 35° (Bbieqek, 1885) ; in yeast 
deconiposing in (.x»vered vessels ibr four weeks during sum- 
mer (Bribobb) ; in decomposing i)ercli, six days in summer 
(Bocklisch); and in herriiig-brrne (Bocklisch, lS8fi). It 
has been found in poisonous situsage, and in cultures of a 

ra caleutated from Au^" 
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bacillus obtained from this soiin-e, on liver find inti'stincs 
(Ehrenberq, 1887). It is also foniuHl, to;;i'tliiT with 
trimethylamine, when nciirkliiie liyilrochhirido is tlistillwl 
with sodium hydrate (Bribcier, I., 2;J). It oi*urs in the 
mercurie chloride precipitate as well as filtrate. Prom 
cadaverine it caa be separated by platinum ehloride, since 
cadavcrine platinochloride is difficultly soluble in rold water, 
and reciyatallizi'S from hot water, whereas the dimethyl- 
anilne double salt remains in the mother-liquor. In like 
manner it can be separated from nenridine. From choline 
it can be isolated by recrystallizing the mercuric chloride 
precipitate from hot water. 

The free base is a f^ at ordinary temperature, but <»u 
be condensed to a liquid which boils at 8° — 9°. The 
hydrochloride, (CHj),.NH.HCI, crystallizes in needles, 
which deliquesce on exj^MJsureto air and are soluble iu abso- 
lute alcohol (Brieger, I , ■'jfi). It is insoluble in absolute 
alcohol (Bocklisch) but soluble in chloroform (Behrend), 
and oan then be separated from methylamine hydrochloride, 
which is insoluble in chlorofbrni. 

tXhe Platinochloride, [(On,\.NH.HCl],rtCl„ (Pt 
^ 39.00 per cent.), orj-stallizcs in long newHes, which are 
easily soluble in hot water, less soluble in cold water. Some- 
times it forms orange-yellow plates or prisms, or else small 
needles. 

The AuROCiiLORiDE, (CH3),.NH.HCI.AuCI., forms 
needles (Book lisch), or large yellow monoclinic plates 
(Hjortdaiil), which arc insohiltlc in alisfjlute alcohol. 

Trimbthylaminb, CjHjN = (CHj)jN, has been known 
for a long time to o<x.iir in animal and vegetable tissues. 

»De88Aionbs showed it« presence in leaves of Chenopodium 
(1851), in the blotnl of calves (1857), and lat<'r in human 
iirinc. It has l»ccn obbiincd from ergot (Sw'Jile ctirnutiim) 
by Waij! (]«5:2) and Urie(:;er{I88G); from herring-brine 
by WERTiiErM, Winkles, Tollbns, and Bockli8<ih. 
In tJiese substances, witli the exception of herring-brine, it 
^^ probably does not exist pre-fbrnicd, but is rather a product 
^L of the method employed for its isolation. In iait, Brfeger 
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lias shown tlitit it ihn-a imt I'xisL in L-i'|ri>t, but is t'oniiecl at 
tlie yxpeiisc uf tlii^ chnliutj pnsunt, wlir<'li, on distillation 
with potfisii, tlwoniposcs siail ylulds tritiicthyluiiiiiie au(i 
glycol. Thus : 

OaH,OH.N(On,)s.01I = N(CIl3), + C,lI.(OH),. 

It in also forniLxl wht'ii bftitinL- hikI ucuridinc are illBtilled 
witli [lotsuih. It limy iiuve a similar origin in moat of the 
iithcT (asfs, sintK! clujlini! is now known to l» widely dis- 
»L'minat<xl in ])laiits awt iininiak, either as such or as a 
lunstititcnt of tlic more eonijtlex leeitliin. Trimethylamine 
has b»'Ji tiHiud in the putretiution of yeast (Hesse, 18-57 ; 
Mri.LEB, IS^S) ; iu dieese aiU'r six weeks in midsiiuimer 
(Bbieqek); in human liver and spleen after ftx>Di two to 
seven days (Bribqer) ; in pereli after six days in mid- 
snimiier (BodKLiSCn) ; in mussel ( Mytilus edulis) aftier six- 
teen days (Brieger) ; in ]»utrefying brains after from one 
to two months, and iu fresh hrains (GuabesOhi and 
Mosso) ; in eultiiit'8 of the Strepto(«(.«UK pyogenes on beef- 
broth, iiouillon, meat extract, and btood-senim, and iroin 
cultures of the comma l>adllns (Briecier). It has also 
Iwen foun<l in n«l-liver oil, KiiKENUEar; (1887) reix^rts 
its presence in consideralile quantity iu poisonous sausage, 
ana in cultures of a bat^illus, isolatwl from this, grown on 
liver, intestines, an<I meat bouillon. 

Triniethyliiinine is found Imth in tlie menniric tJiIoride 
preetpitate and filtrate. It remaius in the motlier-liquor 
from which cadaverine, neuridine, and dimethylamine pla- 
tinochlorides have <TyBtalIized. If an aqueous solution of 
mercuric chloride is used as tlie precipitant, the trimethyl- 
amine will be found almost entirely in tlie filtrnte, from 
which it can he obtained after removal of the mercury 1^ 
evaporating the filtrate to dryness, extracting with alcohol, 
and treating the solution thus obtainetl with ali'oholic pla- 
tinum chloride. 

The free base is a liquid possessing a stnuig, fiah-like 
odor. Its boiling-point is S.-'i". It is strongly alkaline ia 
reaction and freely soluble in water. 

The Hydroc'hloride, (CH,)jN,HCl, is deliquescent and 




CHEMISTRY OF THE PTOMAINES 



191 



freely aohiblti in wiiter ;iii<l alenliol. HciiUtI to 280° it 
dei^>mpos<.s. With alkalion it f^ivts off' the txlor of the 
fret.' iiaae. 

The Pl,ATINf)CHLORIDB, [(CH3)jN.HCl]jPtCl, (Pt = 

36.92 per «x.'iit.), is soluble in hot water, from wliieh, on 
cooling, it reiTyatallizia in orange-red oftahedra or iiei^lleB, 
wliich do not lose water wlien heated at 100°-110° (BocK- 
usch). 

The AuROCHLOHiDE, (CHgjjN.HCl.AiiClg {An = 49.39 
per eeut.), is easily solnhle, and henw can lie wejKirated from 
choline aurochloride, wliieh is difficnitly soluble. Similarly, 
this i»aee ean Ixj separated from ammonia by the use of gold 
chloride. 

Trimethylaniine in not a strong jjolsou, since very large 
doses of it must Ik; given in oriler to bring out any pliyMio- 
logi«»l disturbanees. 

Ethylaminb, CaHj.NHj, is formed in pntreiying yeast 
(Hesse, 1857) ; in wheat flour (Sullivan, 1858)' ; and also 
in the ({iatillation of beet-stigar residues. 

It is a strongly araraoniatal liquid boiling at 18.7°, and 
is miscible with water in every proportion. Like the other 
amines, it is combustible. It possesses strong basic prop- 
erties, and is eapaijle of expelling ammonia from its salts in 
a manner analogous to the action of the (ised alkalies. 

The Hydrochloride, C2Ha.NHj.HCl, forms deliques- 
cent plates, which melt at 7(S°-80°. It is reailily soluble 
I in water and aleoliol. 
The Platinochlobide, (C,Hs.NHj:HCl),Pt01<, forma 
orange-yellow rhombohedra (Wedtzien), or hexagonal- 
Thombohedral crystals (Topsofi). 
TheATJROCHLORiDB,C,H5.NH,.HCl.AuCl3, forms gold- 
yellow monoclinic prisms, readily soluble in water. 
With picric acid it fomw short brown prisnis, not very 
soluble in water, 
tail 
put 
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putrefy for six days in summt 



(C,H,),NH, lias l)een ob- 
ike which were allowed to 
■ ; and by growing a bacillus 
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1 iuttstinLti and on meat 



obtaineii t'nuii poisonous s«iii3iif?' t. 
bouillou (EHRENnERH, 1887), 

It is an inHanmiabli; liquid wliii'Ei Imils at .57,5°, possessps 
strong basic pro[X'rtire, and is anlulik- in watur. 

The Hydrochi-okide, (C,H,},NH.HC1, c-rystallizes in 
needles (Bocklisoh) ; in Ion;; nt.'wiJi'S and prisuia Iroin 
absolute alcohol ; in platt-s from L'tht-r-alwhol. Thea; are 
not deliquearfut and art; easily sohibk' in watiT and m 
chloroform ; rathtr difficultly in at>solute alcohol. Hcat<.ii 
with sodium hydrate it gives off alkaline vapors. From au 
alcoholii' solution it is precipitated by addition of alcoholic 
iiicrciirii- diloride. The mercury double salt is difficultly 
solulilc in hot water, tram which it i-ecrystallizcs on coolm;r. 

The I'LATINOCHLORIDE, [{C,H^.NH.HCI],Pt( !|„ CH'S- 

tjdlizes in orange-yellow monoclinio eryalals, which are 
uiibily soluble in water. 

The AUROCULORIDB, (CjH.),,NH.HCI.Aua, (Au ^ 
47.71 per cent.), Ibrms trimetric ciystals (Top.sofi), which 
are difficultly soluble (Bocklisch). It melts at alxjut 165°. 

With picric acid it forms an easily soluble picrate (Lea). 

Triethylamine, CgH,gN = (CjH'a)jN, was obtained 
by Br[EOER (1885) from haihlock which were exjKised for 
five dajs in an open vessel during summer. lie obtained 
it by distilling with potasli, after rejiioval of platinum by 
liycin^n siilpliide, the mother liquor from which ueuridine, 
the base C^HgN,, muscarine, and ga^linine had successively 
crystallized (sec Gadinine). It has also been found by 
Boc'KLiSCH (1886) in putrid pike, and by Ehrensero 
(18S7). The latter obtamed it from cultures of u l>acillus, 
found in poisonous sausage, and grown on meat bouillon. 

The free base is oily in character anil possesses an am- 
moniacal odor. It is but slightly soluble in water, and 
Iwils at 89°-89.5°. 

The Platinocfkxjridb, [fCjHAN.HCIJjPtCI^ (Pt ^ 
31.84 jxT (M'nt.), cryHbillizea iu ncedics whicli are i-cadily 
soluble in water. 

With mercuric chloride the aqueous solution giveej 
precipitjite. 
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With pirrifi acid it yields yellow iiw<ilts which 
slightly sohible in cold water. 



PROPYLAMISB, CjHj.NH,, 

' amine, and ran therefore be easily 



til triniethyl- 
fonfouudcl with that 



' base. There are two propylamines possible represented 
by the formulft; CHj.CH^CHj.NH, and (CH,)j.CH.NH,. 
The former, or the normal eompound, boils at 47°-48°, 
whilst the latter, or iso-propylamiue, Iwils at 31.5°. Both 
are liquids possessing an animoniaral, iish-like odor. They 
form erystalline salts ; the hydrochlorides melt respectively 
at LSS'-lSa", and at 139.5°. 

Iso-propylamine (?) has been found among the distilla- 
tion prtxlncts of tlie vinasse of l»eet-root molasses. Propyl- 
amine has bettn obtained by Brieuer (1887) Croni cultures 
of the bat^teria of human feces on frelatin. Schwanbiit 
has isolated from the organs of n cadaver a basic substance 
which was said to possess an odor similar fo propylamine. 

BuTYLAMiNE, C.HuN, was obtained by Gautier and 
MouRGUES (1838) m cod-livLT oil. It fornis a colorless, 
mobile, alkaline liquid, the boilinp-point of which they 
found to be 8fi° at 760 mm. It alisorljs tarbonic acid from 
the air and readily forms salts. The platinocliloride forms 
goldeo-yellow plates which ai-e quite soluble. 

In animals it product's an increase in the fimction of the 
skin and kidneys, and in large doses fatigue, stupor, and 
vomiting. 

Iso-AMYLAMiNE, C,H„N = (CH,),.CH.OHj.CH,.NH„ 
lias l>een obtained by LiuPHi(;aT in the distillation of horn 
with potash ; it also occurs in the putrefaction of yeast 
(Mt'LLEK, HtBSE, 1857); and in cou-livcr oil (Gautier 
and MouRcujEs, 1888), whci-c it constitnti'S nearly one- 
third of the Ihiscs pi-escnt. 

It is u colorless, strongly alkaline liquid, iwBsessing an 
odor which is not disagrcHiblt-. At tlie ordinary pressure 

I it boils at !t7°-!l8''. 
The hydrochloride forms dcliqucsf^'nt crystals, which 



I 



I 



have a bitter, dis.'igrt.i'jibli' bwh-. The platiiKK'hloride crys- 
tallizea in golden-yi^llow sleinlcr plah'S, wliitJi nrv very 
soluble iu boiling wiitcr. The bjist- is, ii(!(\>rdiiin t« Gau- 
TiEB and MouRfJUES, iiientiail with that obtaine<l by treats 
iiijr iso-aniylcarbiniidi; with jwlash. 

it is a very aotive poiwin, prodiitin}; rifior, eoavulsIoDS, 
and death. Four milligrammefl pr()dmw! death in a green- 
finch in thre<! niiniitt-s. 

Capri>ylamisb (Hexylaminr), C^Hi^N, lia» Ijeen 
fbiind to occur by Hesse (1857) in tlie putrefaction of 
yeast. Haoer isolate*! from some putrid material what he 
thought to be a mixture of amylaraine and eaproylamine, 
and named it septieine. 

Hexylaniine was found, in small quantity, in cod-liver 
oil by Gautier and Mourgues, and according to these 
authors it rcmimbles amylamine in its a(4ion, but is less 
toxic. 

Th^ANOTOXiNK, C'jH^N, (V) was obtained by Briegeh 
(1886) as one of tiie prmhict» of the growtii of the tetanus 
microlx! on beef-broth or on brain-broth. It has also been 
obtained by Kit ASA TO and Wbyi. (1890) from pure cultures 
of the tetanus bai^illns, kept eight days at 36°. For its 
isolation Bee Tetanine, and Ber. 19, 3120. It is tetanizing 
in its action, produces first tremor, then paralysis and vio- 
lent convidsions. It tbrms an easily soluble gold double 
salt which melts at 130°. The platinochloride is difficultly 
soluble, and decomposes at 240°. The hydrochloride is 
crystalline, and is r^dily soluble in alcohol and in water. 
It melts at about 205". From warm alcohol it crystallizes 
in flat, pointed plates. 

Spasmotoxine, a base of as yet unknown composition, 

froduces in animals violent clonic and tonic convulaioDS. 
t was obtained by Brieoer (1887) from cultures of the 
tetanus germ on beef-broth. 
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!7)in ciilt- 



AnotlitT toj-ine was nlitJiiinfl I'v I 
un* of the tetanus iiiicroliir which ]ii'i 

Halivutkin, ami Uiir-fifi'iftirm. In itsc iiiisition it Ih [)n]h- 

ahly a (h'aiiiriiP. The |iliitiii(iiililiiriilLi ((jitiih plat^'H wliicli 
Ixijfiii to (Iw-DnipoHL' at 240°. Tlit' liydrochloridp is very 
tIpltqucBn>nt. <Johl chloride and picric acid form very 
Wiluhk- roHipiJiiinlB. Bt'HideM these thre(! Iwues he iwihited 
anuthcr to.vic HiihHtaiiiv, t*'t)Uiiiie, and a liase (see under 
Tetanine). 

DlHYl-iioMiTioiNi.:, C,II|,N, wits CiiMid in .-..d-livfr oil 
hy fiAUTiKii iiDil M.niiiiiirKs (1888). It is thefirstkiiown 
liydrohitiilini'. Il is ;i ridcirleMrt, Hiiuicwiiat iiilv, very alka- 
line and I'anKtie li<]iiid, the mien- oC whieli ik nharp, but 
Humuwlmt i^^reeahle whfu dilute. It uiiKwrbH carlKmic acid 
from the air, darkens and thickens ; is (w'lily suluhle in 
■wattT, and boila at 199° at 7(>0 mm. preSHunv The saltM 
ari' hitter to the taste. 

Tin.' hydrof-ldoride crystal HifeH m a confnsed mass of 
needles or in platt-s. The nitrate pedtiees silver nitrate' — a 
property of all liydropyridine Imses (Hofmann). The 
sulphate forms fine stellate deli(|ueaf«nt needles. 

Tho platinochloride is readily precipitated from toikmi- 
tratol Bolutions as a canary-yellow precipitaf*.-. From 
warm soliitionH it eryatjiUistcs in loxen(>;e-shaped platt'H which 
are often imbricated. On boiling with water it loses Itydro- 
chloric aeid and forms (C,H„NCl),PtClj„ which possesses a 
lighter color, is more soluble tlian the normal salt, and crys- 
tmlises eoniusetlly. 

The aurocldoride crystallizes in needles which tbrm fan 
or lowmge-shaped massis. It is seareely alt«,Ted even iti hot 
water. 

TheIoi>OMETHYi-ATB, C,H,,N.C'H.I, is obtained by mix- 
ing, in the cold, tlie l«ise and methyl iodide. The colorless 
compound thus obtained is soluble in water and tn alcohol, 
and poHfii.'8S(« a disiigrecable, somewhat nauseating odor. 
Treated witli potash it yields a colorless, aromatic, very 

til. 
Hi on oxidation witli boiling potassium pernian- 
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panate yields an :iriil, C,H,NOj, am\ from this fact the 
(lisfoverprs ttmehuk' that thi' Iwisf ts a (iihvdro-dimethyl- 
pyridine, C,H,(ClIj),NH. 

Phym>Jogicul Action. — It is iiiO(K-rat*lj' ]H)i&utioiis, In 
Hiuall dosra it tliniiniBhes the i^Gneral sensibility; in larger 
(loses it produws trembling, espivially of the head ; pro- 
ibnnd depression nltcmatin}r with periods of extreme ex- 
t'itemeut ; paralysis of the posterior limbs, and death. 

A Base, CgH„N, isomeric, but not jdentieal, with alde- 
hyde-collidine, was obtained by NENti'Ki as early as 1876, 
by allowing a niixtui-c of 200 grammes of pauereas and 600 
grammes of gelatin in ten litres of water to putrefy for five 
days at 40°. The method used by Nencki for its isola- 
tion is as follows : The fluid mass was distilled with sul- 
phuric acid, to drive off' the volatile a^ids, then renderwi 
alkaline with barium hydrate, and again distilled. The 
distillate was received m dilute hydroehloric acid, and on 
evaporation gave a crystalline residue of ammonium chlo- 
ride, and of a salt which formed in long rhombic plates. 
The latter were separated from the ammonium salt by abso- 
lute alcohol. The free base was obtained from the salt by 
treating it witli sodium iiydrate, and extracting the solution 
with ether. 

This eompound, as already stated, is isomeric with colli- 
dine, and also with O. db Coninck's Imse, with which it is 
possibly identical. The latter, however, will Iw described 
separately. 

The free base is oily in character, and possesses a peculiar, 
not unpleasant odor. It readily absorbs carbonic acid gas 
from tlie air, forming after a time a lamellar, crystallme 
mass of tlie carbonate. The salt of this base ou heating 
gives off an oil which bums with a smoky flame, and pos- 
sesses an odor similar to that of xylol or eumol. Nencki 
was therefore at fii-st of the opinion that the ptj>matne was 
an aromatic base, probably an isniiliruvl-cthvlainine of the 
"C H, ■ 



following composition! C^Hj — Cil 
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that it was fbrm«l from tlie ptitr(!fa<!tion of tyrosin, aword- 
ing to tile following e<niation : 

C,H„N03= CjH,.N + CO, + 0. 

We loiow that tyrosin doES split up, on being heated to 
270°, into earljouic acid and oxyphenyl-ethylamine, thus : 



C.H. 



\CH,.CH,NIIj.COOH = 



In 1883 Erlenmbykr and Lipp observed tliat phenyl- 
tt-amido-propionic acid (phenyl-alanine), on dry distillation, 
decomposed with the formation, among other products, of a 
base having the composition Cj,H„N, This base was found 
to be identical with phenyl-ethylamine, CgHj.CHj.flHj.NH,, 
and in its properties and composition it resembles Nehcki's 
base. Recently (1889), Nencki lias taken up a similar 
view in ngard to the nature of this base, and now r^;ards 
it as possessing the formula just given — that it is phenyl- 
ethylamine. He r^ards phenyl-amido-propionic acid — one 
of the three aromatic nuclei contained in the albumin mole- 
cule — as the source of this base. From the fact that phenyl- 
a-amido-propionic acid is a well-known putrefactive product, 
it would seem that Nencki's base may arise either from the 
putrefactive decomposition of tliat acid, or from the splitting 
np of the aci<l as a consequence of the method employed in 
isolating the base. The latter woidd seem to he the most 
probable explanation of the genesis of this base, inasmuch 
as Bhieger, by using his method for the isolation of pto- 
maines, has not been able to obtain it from putrid gelatin. 

The Platinochloride, (aH,,N.HCi)jPtCI, fPt = 
) per cent,), is readily soluble in hot, and but slightly 
soluble in euld water, and can be, therefore, recrystalh'zed 
&om water. It forms beautiihl flat needles. On dry 
heating it gives off an oil which possesses an odor 
resembling very much that of xylol or cumol, and burns 
with a amoky flame. Tliis distinguishes Nencki's base 
from collidine, since the platinoehloride of the latter does 

I not show this i)ehavior. 
Nexcki also obtained from putrid gelatin, under certain 



I 
I 



198 



BACTERIAL POISONS. 



ill-de(ined conditions, fsptxially when no gIyco«)ll ' 
presfnt, a basic protliict which gave, with eutphuric acid, 
large lamellar crystals. The free liase forms a thick color- 
lisa syrup, possessing a nauseous, bitter taste. It did not 
Ixi-ome crystalline even after standing some time, UBliko 
the base CgH„N, it is not volatile, and is, therefore, obtained 
on evaporation of the acidulated solution after previous 
rumovid of the volatile bases by distillation with mryta. 

A Base, CjH[,N, isomer of collidine and of the preceding 
base, with which it is possibly identical, was obtained by O. 
DE CosiNCK (1888) in the later stages of putrefaction of 
sea-polyps (poulpes wtariaa). It forms a yellowish, rather 
mobile liquid, possessing a strong benumbing (m'reiwe) odor, 
and is but slightly soluble in water. It is soluble iff methyl 
and ethyl alcohol, ether and acetone. Its density is 0.9865. 
When dried over potash it boils at 202° without undergoing 
decomposition. On exposure to the air it becomes brown, 
hydrates rapidly, and the boiling-point is then lowered. It 
has not been noticed to absorb carbonic acid from the air. 
It resembles some of the bases obtained from Dippel's oil. 
The salts are in general less stable than those of the pyri- 
dine bases, and in this respect it approaches the dihydro- 
pyridine bases. 

" The Hydrochloride, CgH„N.HCl, forms white or 
slightly yellowish radiate masses which are deliquescent 
and very soluble in wattT. The hydrobromide, CjHuN. 
HBr, rosemltlfa it, but is less dcliijupscent and a trifle less 
soluble in «)ld wat«r. 

The PL\TiNoeHr^RiDK, (C'gHiiN'.HCl)jPtCl^, is a dark 
orange-colored powder, whieli is insoluble, or almost so, in 
cold water, and is a rather stable i-ompound. Boiling 
water and water at 80° decompose it into hydrochloric 
acid and (C'jH,,NCI),PtClj, which is a light-b^ow^l ^wwder, 
insoluble in cold, scarcely so in hot water. 

The AnHOCHLORiDE, CjH„N.HCl.AuCl., forms a light 
yellow precipitate. It is quite stable in cold, but very un- 
stable in hot or even warm water. It cannot be modified 
by withdrawal of hydrocliloric acid. 
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It forms two compounds with mert-iirie chloride. (CgHn 
N.HCI)jHgCl, crystallizes iu small whit*.' needlts, wlii(4i 
are slightly soluble In water and in dilute akxiliol, insoluble 
in alKolute alcohol, and on exposure to moist air undergo 
change. The second (x>nipound, 2(CjHnN.HCl).3Hg(,'Ij, is 
obtained by adding an excess or coneentratm merciiric 
chloride to a concentrated solution of the hydrochloride. 
It forms slightly yellow, somewhat longer needles which 
are insoluble in the principal solvents, and are likewise 
changed by atmospheric humidih'. 

The loDOMETHYLATE, CgHnN-CH,!, is formed by 
mixing solutions of the base and methyl iodide in al>soiute 
ether. It is deposited as a network of fine white needles, 
which are but slowlv altered in the air, and are soluble in 
absolute alcohol. This solution on the addition of a little 
potash assumes a dark-red color, which is heightened by 
the addition of a little hydrochloric or acetic acid, and 
destroyed by ammonia without any resultant tluoresccDce. 
Warmed with esoese of moist solid potash it becomes 
garnetrred in color and gives off an odor resembling that 
of the dihydropyridines. It thus behaves the same as the 
pyridine iodomethylafes. 

On oxidation with potassium permanganate it yields an 
acid which melts at 229°-230'', and tiegins to sublime at 
150°, It presents all the characteristics of nicotinic acid, 
CjHjNOj, which is formed as the result of oxidation of 
nicotine. With hydrochloric acid it forms the compound, 
CgH,NO,.HCt. With copper acetate it forms a salt ; this, 
distilled with lime, yields a substance which on boiling 
with platinum chloride and water forms the compound 

1{C(HgNCl)j.PtCI,. This same substance forms an iodo- 
methylate, which in alcoholic solution gives, on addition of 
potash, the characteristic reaction of pyridine bases. 
The base, CjH,[N, therefore yields pyridine and nico- 
tinic acid, 
A Base, CgII„N, was obtained by Gautier and Etabd 
(1881) from the chloroformic extracts (see metluxl, page 164) 
from putrelying mackerel, as well as from tlie deconij^Kising 
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.flcflh of the horse antl ox. It is regarded by these authors 

a constant and defiait«.- product of the bacterial fermenta- 
ion of ulbinninoid BiibBtanfes, but this view is hardly jnsti- 
.fiable, inasniudi as the liasc has not been found by other 
investigators. It is accompanied bv the base 0,jHjgXj 
(page 228). Nbncki (1882) asserted the identity of tliis 
base with the one which he had isolated in 1876, and to 
which he had ascribed the formula CgH„N. On the other 
hand Gautier and Etard consider their base to be iden- 
tical with the hydrocollidine obtained by CAHOuas and 
Etard by the action of selenium on nicotine. 

The free base is an alkaline, almost colorless, oily liquid, 
possessing a penetrating odor resembling that of syringa. 
It is volatile without decomposition, and boils at about 205°, 
while hydrocollidine boils at 210°. Its density at zero is 
1,0296. Wiien exposed to tiie air it oxidizes slowly, bt'- 
ComcH brown and viscnus, and at the same time absorbs 
carbonic acid. It dittcrs from a colli<line in possessing a 
strong reducing atiiion, sinie both the gold and platinum 
double salts become reduced on heating, and even in the 
cold. 

The Hydbochi-oridb, C;gHijN.HC'l, is very soluble in 
water and in alcohol, and usually forms fine needles re- 
sembling snow (Tvstals. It is neutral in reattion and pos- 
sesses a bitter taste. In the presence of an excess of acid 
it reddens and resinifies. 

The Platinochixjride, (CaH,jK.HCl),PtCl, (Pt = 
29.7 per cent.), is of a light yellow, flesh-color, crystalline, 
and but slightly soluble. It dissolves on warming, and re- 
crystallizes in bent needles. 

The AuROCHLOBiDK is rather soluble, and becomes 
slowly reduced in the cold ; rapidly on warming. 

Physiological Action. — This isomer of hydrocollidine 
is strongly poisonoiL'^. Even so small a dose as 0,0017 
gramme of the hydrochloride produced, when injected under 
the skin of a bird, marked unsteadiness of gait, followed bv 
paralysis of the extremities, and finally death. The pupils 
are normal and the heart stops in diastole. Larger doses 
(0-007 gramme) cause at first vomiting a 
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whinh soon give way to a fondition of cxaltatioD. Toward 
tlie PuiI tetaniti ronvulsiuDH at-t in, iollowwl by almoat eom- 
piete paralysis, 

A BAaE, CjHijN, isomeric with (wirvolinc, liaa lieen ex- 
tracted liy Gautier and Etard (lUXl) from decdmjxising 
mackerel and horeeflesli. The mitliod employed liy these 
chemists for its isolation is given on page 164. The iilen- 
I tity of this base with the aynthetie jiarvoline, obtained by 
WAAGE by heating ammonia with pmpioniir aldehyde in a 
sealed tnl)e at 200°, cannot Ite (wnaidered to \k definitely 
eettled, altliongh an apparent identity exists in regard to 
their lK)iling-]K)ints, 'I'hns, the sjTitheti*^ parvoline boils at 
I 193°-19fi°, while Gautikb and Etahd assign to their 
I base a boiling-point a little below 200°. Fnrther investi- 
I gation is necessary to decide upon the question of the iden- 
I tity of this Ijase with parvoline, or of tlie ptomaine CgH^N 
' with hydrocoUidine. 

The free base is an oily, amlier-eolored liquid, possessing 
tlie odor of hawthorn blossoms. It is slightly soluble in 
water ; very soluble in alrohol, in ether, and in chloroform. 
Its boiling-point, as sta(<id al>ove, is a trifle Ijelow 200°. 
Like the bases CjH,jN and Cj„H,jN it l>ePonies brown and 
soon resinifies on exiwsure to air. 

The Platino<;bj/)ridb, (Ci,H„N.HCl),PtCI^ (Pt = 
28.65 per cent), is slightly soluble, crystalline, and flesh 
colorea ; exposi**! t<J the air it soon lieoomes pink. 
The AuBOCHLORiDE is quite soluble. 

A Base, C,dH,jN, was isolated by GuAREscHi and 
Mosso 11883) from ox-blood flbrin which had been allowed 
to putrefy for five months. In 1887 it was re-obtained from 
putrid fibrin by Guarbschi, who this time ascribed to it the 
tbrmula Ci„H„N. In 1886 Oeciisnbb db Coninck found 
it among the basic products formed in the putrefaction of 



the jelly-fish (poulpes marina, Hugoonbkq, page 21). The 
Dietnoa ui ' " ' 



^^ it am 

■ thei< ... .... 

^1 method used for its extraction was that of Gautier and 
^B Etabd (see page 164). It forms a brownish oil of strong 
^K' alkaline reaction, which soon resinifies. It posBt.>sses an 
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unpleasant, weak pyridine or ooiuine odor, and is but 
.sli^]itly soluble in wftb^r; soiubk' in ether and in elilo- 
roforiii. 

In n^rd to the i-unstitiition of this jrtoina'iiie we know 
nothing, but from its physical eharaet<.'r9 it would seeni to 
posei'SB a pyridine nucleus. It is isonierie with corindine, 
a honioWuf of parvoline and lollidine, whieh lins Ix^n 
ol)tuined from («u-tar. 

For tlie iK'Imvior of the liydnK-iiliti-ide to alkaloidiil i-c- 
at;eiits, 8(« Table 1. 

The Hydrochloride, CioH,jN.HCl, erystallizes in 
eolorless el lo hater ine-like phitea which are somewhat deli- 

The Platinochloride, {( \,H,5N.HCl)jPtCl( (Pt = 
27.52 per wnt), ibrina a light flesh-eolored, crystallim? pn^- 
cipitate, and is insoluble in water, alcohol, and ether. It 
does not resinify, and is stable at 100°. 

J'hyiiological Acfe'on. — This ptomaine resembles eurara, 
although it is by no means as strong. 0.012 gramme of 
the free base produced in a Irog dilatation of the pupil and 
slowing of the respiration. The nostrils were motionless, 
and within five hours complete paralysis of the muscles 
took p]iu.v,. The reilex excitability gradually diminished 
until it finally disappearwl. An orange-blossom odor was 
observed about the frogs which were poisoned by this 
ptomaine. The same amount of ptomaine injected into a 
greenfinch produced vomiting, and a condition of weakness 
and decreased sensibility, followed soon, however, by re- 
covery. A rat was not affeete<l by 0.020 gramme of the 
free biiac. The hydnwhloride acta mueli more enei^tieally. 

A Base, CioH^N, wiis isolated by 0. de Conxnck, in 
188t> (HuGOUKEsy, page 21, C. Mendus, 1888), fixjm 
sea-polyps iu an advanced stage of jiutrefaction, together 
with the base CjH,,N, The method employed for its ex- 
traction was that of Gautibh and Etard (see pa^ 164), 
It forms a slightly yellow, viscous liquid, and possesses a 
pleasant odor resembling that of blooming broom. Its 
lensity is about 1.18. It boils at about 230" (uncorrected), 
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with initial decomposition. la water it is hut slightly 
solnble, readily so ia ether, alcohol, acetone, and ligroin. 
It is rapidly oxidized by the air, becouiea brown, and 
reeinifies but does not absorb carbonic acid. 

The Hydrochloride, Ci.H,bN.HC], forms fine yel- 
lowish, very deliquescent needles, which in the presence of 
a traw of air are at once colored red; if more air is present 
tile red ehangi« to a brown, and In the open air a resin is 
' formed the same as from the free l)ase. It is very easily 
I soluble. 

The Hydrobromide, C,„H,jN.IIEr, crystallizes in a 
network of fine deliquescent needles, which become likewise 
I red on exposure to air. It is very soluble in water ; less 
80 in strong alcohol, and almost insoluble in ether. 

The Platinochlobide, (;C,„H N,HCl),PtGl„ forms a 

dark-red powder, which is insoluble in c'old water ; very 

soluble in warm water. It can be kept in dry air ; in moist 

r it loses hydrochloric acid and becomes partially oxidized. 

i -Boiling water decomposes it. (C,oH,5N.Cl)gPtClj forms 
■dear-brown plates, which are stable in moist air, and melt 
at 206°. It is insoluble in cold water, soluble in boiling 
water, but decomposea. In rccryatallizing, warm previously 
'boiled water should he. used. 

The Adbochloride, C,„H,5N,H01.AuCIj, occurs as a 
light-yellow precipitate ; insoluble in cold water, soluble in 
warm water. It is (Iecompo8e<l by boiling water ; is stable 
when kept in a moist atmosphere. 

The loDOMETH^a^ATE, C,(|HijN.CHjI, in warm alcoholic 
solution yields, on the addition of strong jwjtash, a bright- 
red color, which soon l>eo)raes brown, and in about an 
hour the solution shows a greenieh-blue fluorescence. This 
^L rapidity of change is due to the extreme oxidizability of the 
^B ptomaine. 

^m O. DE CoNiNCK considers this base, as well as CgHuN, 
^H ss belonging to the pyridine and not to the hydropyridine 
^ft series. 

I ^ 
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rA Base, C,oH,jN, was descril^ed by Griffiths (181)0) 
as derived from cultures on ^wptone-i^ar of the liacttirium 
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I allii, a germ obtained from putrid onioni^. The base 
' (hydrtwihloride?) ibrnis colorless, prismatic, luicroBoopic, 
very deliquegpent needles, which are soluble in wami water, 
alcohol, ethe-T, and chloroform. It gives off" a hawthoru-like 
odor, especially when warnie<l. With phoaplioniolybdic aoid 
it yields a white; with iodine in potassium iodide ajid with 
tannic acid a chestnutr^^olored precipitate. Nessi-er's solu- 
tion produces a yellow chestnntrcolored pre<:ipitate. Picric 
I aoid throws down a yellow slightly solnble deposit The 
[, platinochloride, (0,oH,,N, HCI)jt'tClj, is yellow, crj-etJilline, 
I and difficultly soluble m cold water and in aUwlioI ; soluble 
I water. Gold chloride produces a thick yellow 
f precipitate soluble iu watfr. Dihite sniphnric acid pro- 
I duces a violet-red color. The Imse is apparently a hydi-o- 
f coridine. 

A Base, Cj,H„N', was obtained by DELftziNTER (1889) 
and is said to be the alkaloid, isolated in 1879 by Brduar- 
DBL, which in its chemical and physiological properties was 
described as similar to veratrine. It forms an almost (X)]or- 
lesa oily fluid, which possesses a liawthorn-Iike odor. It 
is very readily oxidiseable and yields the verati'iue-like re- 
actions only in the preseuoe of air. It is soluble in alcohol, 
ether, toluene, and benzene; and ibrms well-defined salte 
which are very deliquescent. It appears to be an amine, 
and in its composition differs from cevadiue by OHjO, 
Nothing is stated in regard to its source or raetliod of 
preparation. The analytical results given — 0^8(1.41, 
H = 7.-3, N = 3.03 — correspond more to the formula 

ETHYLmENEDiAMiNE(?), CjHgNj. — This base was con- 
sidered at first by Bhieger to be identical witli ethylene- 
diamine, but subsequent comparison showed tiiis to be an 
error. Thus, the former is poisonous and does not form 
a gold salt, while the latter is not poisonous and does form 
a rather difficultly soluble gold salt. Again, ethylene- 
diamine forms a platinochloride which is almost insoluble 
in hot water, wherwis the platinum double salt of the pto- 
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malne is much more easily soluble. Erieoeii is, therefore, 
inclined to think that it is identicnl with ethylidenedi amine, 
OH,.CH(NHj),, rather than with ethylenediamiiie, whidi 
has the structure, CHj.NHj.CHs.NHj. This ptomaine 
was obtained by Bbieger, iu 1885 [I., 44), from det«m- 
posing haddock (see Gadinine). 

The free base can be obtained, without decomposition, on 
.distilling the hydrochloride with sodium hydrate;. 

Tlie Hydrochloride, C,HjN,,2HC1, crystallizes in 
long glistening needles ivhich are readily sohihle in water, 
insoluble in absolute al(«liol. It gives no combination witli 
gold chloride. For its Itehavior to alkaloiditl reagents see 
Table I. 

The Platinochlobide, C,HaNj.2HCl.PtCl, ^Pt = 
41.49 per («ut,), forms small yellow plates which are 
moderately difficultly soluble in water. It win he rca*iiiy 
recrystoliized from hot water. 

Physiologioal Action. — Frogs eeem to be less suscepti- 
ble to the action of this poisou than mioe or guinea-pigs. 
In the latter, it produces a short time after injection an 
abundant periodic flow of st^retion from the nose, mouth, 
and eyes. The pupils dilute and the eyeballs project. 
Violent dyspncea then comes on and pr£Hlominat<>8 nntil tlie 
death of the animal, which doiB not take place for twenty- 
ftrnr hours or more. The hetirt is Btoppwl in diastole. 

Trimbtityi,enediamine ('/J, CjIIi^N, (?), ia a toxic \\&m 
isolated by Briegeb (1887) from cultures of the comma 
bacillus on beef-broth. It may Ikj stated here that from 
the same source, cholera cultures, Konz (1888) obtained a 
base which he considered to bo identical with spermine or 
cCliylendraine (see next chapter). It is present, however, in 
exceedingly minute quantity, and occurs in the mercuric 
chloride precipitate, from which it is obtained by the fol- 
lowing method : The ppet^ipitflte is decomposwl by hydrogen 
sulphide, the filtrate evapomted to dryntss, and tlie residue 
taken np with alwolute alcflhol and pre<'ipifcat<'<i by an 
alcoholic solution of sodium picrat*'. The pnt^ipitate 



H aicoiionc t 



i 



206 



HACTERIAL P01S0N3. 



I 



thus obtainetl consists of tlic pit^rates of cadaverine, crea- 
tiniop, anii of this new liaw. It is boiled witli absolute 
ulcoliol to remove the insoluble radaverine. picrate; the 
filtrate is evaporated to expel the alcohol, and the bases 
then converted into the platinum double salts, whereby the 
easily soluble creatinine platinochloride can be separated 
from the corresponding leas aolohle compound of the new 
base. 

Owing to the small quantity of this substance present, a 
complete study of its properties hiis not as yet been made. 
It gives difficultly soluble precipitates with gold chloride 
and with platinum chloride ; the compound with the latter 
crystallizes in long needles. With picric acid it gives a 
precipitate consisting of felted needles, which resemble 
creatinine picrate; they melt at 198°. Phosphomolyhdic 
acid yields a precipitate crystallizing in plates, while j»tas- 
sium-bismuth iodide gives dark-colored tine needles. From 
its physiological action it seems to be ideutital witli the 
Ijasic snbstaiKse isolated from choleraic Ixwlies by difli-rcut 
observers. It causes violent convulsions and musi'Io 
tremor. 

Besides trimethyleneiliamine another toxine was obtained 
by Brieobr from cholera tailtures, but in qtiautitj' insuffi- 
cient for analysis. It was olitained from the iiiercuric 
chloride filtrate after elimination of methylamiue, trinictliyl- 
amine, and traces of choline and creatinine, as an iiisohible 
platinum double siilt. Subcutaneous injection of this base 
mto mice proilu<«d a paralysis-like lethargic couditicui, 
slowing of respiration and ht^rt's action, lowenng of 
temperature, and finally, death in twelve to twenty-fiwr 
hours. In some cases blooily stools were passed. 

PUTKESCINE, C,IIi,N,, is a diamine which almost in- 
variably oi^'urs together with cadaverine, with which it is 
apparently closely related. This base was also discovered 
by Brieger in 1885 (II., 42), who has obtained it froin 

{)utrefying human internal oi^ans {for four months at a 
ow temperature without access of much oxygen) ; and 
from the same material, daoiinjosing at the ordinary teni- 
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ferahire of the room, Cor from tiiree (lays to three weeks. 
t hua also been obtaine*! from herring, twelve days in 
spring; from pike, six diiys in sHmmer; from haddock, 
two months (Bocklibch). Also from putrid mussel, six- 
teen days (BU[EOEb) ; and from hunaan as well as horat' 
flesh. Brieoer has obtaincx! it from oultures of the Imk^ 
, teria ol' human feces on gelatin, and in small quantity in 
Lxather old enltures of the comma bacillus on beef-broth ; in 
■.liirger quantity in cultui-es of the same f^erm on blood- 
y^ eeriim. 

UuRANSZKY and Baumann in 1S88 demonstrated the 
existence of putreacine and cadaverine in the urine of cyet- 
inuria, the former oonstitnting al>out one-third of the 
total amount of the two bases present. In tiie feets of the 
same patient, on the contrary, putrcscine (.'onstituted by fur 
the greater quantity, while cadaverine forme<l but 10 to 15 
per <«nt. Normal feti-s, iis well as the feces of various 
diseases witli the ijossible exception of cholera stools, are 
free from diamines. It would aeom, therelbre, tliat these 
bases oociir in cystinuria as the result of pntrefattive 
changes going on in the intestines; becoming partly ab- 
sorlied they appear in the urine. In two cases of cystin- 
uria, reported by Brieqer and Stadthagen, cadaverine 
was tbnnd almost solely present in the urine. 
L A(Kx>rding to Mester the diamines arc proportionate to 
nhe amount of i;ystin excreted, and therefore constitute a 
pfixt-d symptom, the cause of which is tlie same as timt of 
the cystinuria. 

Although pntrcscine is recojrnizable on about the fourth 
day of the putreta<*ion, yet it does not occur in appreciul)!e 
quantity until about the eleventh day. The amount that 
is formed increases as the putrefaction goes on, so tliat a 
considerable quantity may be obtained alter two or three 
weeks. A very good source for the prepiiration of putrcseine, 
cadaverine, and neuridine is gelatin which has been a]Iowe<l 
to decompose in conbu't with water for some weeks. 
Keiiridine ia, apparently, formed first, but is soon replaced 
by the former two Imlsi's. In the process of extraction it 
is first olrtained in the alcoholic mercuric chloride prccipi- 
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tatt'. For its separation from tauiavprine and other ai?coin- 
piinying biiaua, iSL'ti page 220. 

From the urmf of fystinuria it is best obtained by pre- 
cipitation with benzoyl chloride (Baumann's metliodj. 
For this parpose about 1500 c.c. of urine are treated 
with 200 ca of sodium hydrate solution (10 per cent,), 
then 20 to 25 c.c. of benzoyl chloride is addeii, and tlie 
whole shaken till the odor of the latter disappears. The 
yellow iah- white precipitate which forms may consist of in- 
soluble phosphates, carbohydrates, polyatomic alcohols, and 
diamines, 'the cystin (wmpound is precipitated only in 
concentrated solutions. The precipitate I'ontuins from a 
half to two-thirds of t!ie diamines present ; it is filtered 
off, digested with warm alcohol, and the solution filtered. 
The alwholic filtrate is concentrated and tiien poured into 
about thirty times its volume of cold water. The diamine 
(Tompounds then crystallize out. To separate the two dia- 
mines they are rediasoKed in just sufficient warm alcohol 
to effect solution, and this is then poured into about twenty 
times this volume of ether. The putrcscine benzoyl com- 
pound is thus thrown out of solution. The filtrate from 
this on coDcentration yields the raidaverine compound. To 
isolate that portion of the diamines which remainwl in the 
original filtrate with benzoyl cystin, it is acidulated witli sul- 
phuric acid and extracted with ether. The residue obtained 
on evaporating the ethereal solution is first neutralized with 
a 12 per cent, sodium hydrate solution, tlien mixed witii 
three to four times its volume of the same solution. The 
precipitate which forms consists of the sodium compounds 
of benzoyl cj'stin and tiie diamines. It is washed with 
sodium hydrate, and the two compounds separated by their 
diiferent solubilities in water — the cystin compound is 
readily soluble, that of the diamines insoluble. To purify 
the benzoyl diamines they are disaolvetl in warm alcohol 
and precipitated with excess of water. 

Putrescine (from putresco, to rot, to putrefy) is a water- 
clear, rather thin liquid which fiimes in the air and has a 
a peculiar semen-like odor, almost undistinguishabie from 
that of cadaverine, and reminding one somewhat of the 
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pyridine basea. It absorls carlwnjc acid ooergetioilly from 
tlie air, without losing thereby the repulsive odor. The 
boiling-point of the free base, as ordinarily olntained, is 

I about 135°. It IS not decomposed by distillation with 
potassium hydrate, and is rather diffi<?ultly volatile with 
Bteam. With acids it forms beautiflil erystalline salts. 
Putrescine unites with water, like ethylenediamine, to form 
a hydrate, and this water can only be removed by distilla- 
tion with metallic sodtum. The perfectly anhydrous liaae 
boilsat 15fi°— 157°, and then aolidifiea to plates (Briege«), 
which melt at 24° (Udranszky and Baumann). The 
synthetic base boils at 158''-160°, and melts at 23°— 
24° {Ladenbuho). Like cadaverine it is difficultly solu- 
ble in ether. 

The constitution of putrescine has been determined by 
I Udranszkt and Bahmann (1888). They showed that 
I the dibenzoyl compound of putrescine was identical with 
I that of the synthetic tetraraethylenediamiue and of the 
\ base which t!iey foimd in the urine of cystinuria. 
[ Putrescine, therefore, is tetramethylcnediamino, a homo- 
I logue of Midaverioe, and its rational formula is : 
NH,.CH,.CH,.CHj CH,.NIT,, 

Tlie same authors (Zeilschr. / Physiol Chmn. 13, 591) 
I point out tliat diamines may possibly occur in putrefaction 
I as the result of oxidation of monamiiies. Thus, putrescine 
I might arise from methylamine according to the equation : 
CHj.CH,.NH, CH,— CH,— NHj 

+ 0=1 -F H,0. 

CH,.CH,.NH, CH,— CHj— NH, 

In a similar manner cadaverine might form from ethyl 
I and propylamine. 

Putrescine can be prepared synthetically, according to 
Ladenburg's method, by converting ethylene bromide into 
the cyanide and then reducing this by means of sodium 
in absolute alcohol. 

tOn heating the concentrated aqueous solution of the 
hydrochloride with potassium nitrite there is produced an 



M 



210 BACTERIAL POISONS. 

oil, Boliible in water, fropi which it oin lj6 extractw] with 
ether. This oil, on treiitmeiit with phenol anil sulphuric 
acid, gives Liebebmann's nitroso-reaction, which would 
seem to show that putresi'ine is not a primary (liaiTiint 
(butylenediaminc), hiit is rather a secontlary iliainini.' 
(Bkiegek, II., 4'2). As a primary diamine it sliotilil takr 
up, on repfated trentment with methyl iodide, six luc'thjl 
radicals ; whereas, if it is a secondary diamine, only i'oiir 
methyl radicals can enter the molecule. Thus, to illustrate, 
metliylamine, CHj.NH, (a primarj' amine), combines with 
three molecules of methyl iodide to form (CHj^N.HI. 
Similarly, dimethylamine (Cnj),,NH, requirta only two 
molecules to form (CHjj^N.HI. In the case of diamines, 
double this number of metliyi groups is required to effect 
complete saturation. As a matter of fact, Brieoer (III , 
101), on treating putrescine with methyl iodide, has suc- 
ceeded in introducing four, and only four, methyl radicals. 
From tliis, however, it does not follow that putresciuo is 
uot a primary amine, since cadaverine, an unqutstioned 
primary dianiine, yields a substitution compituad contain- 
ing only two metiiyl groups (si* p. 215), 

The tetra-mirthyl sulistitution-product of putrescine, 
C,Hg(CH3)^N2, can be distilleil witliont deeoinposition. The 
free bast! crystallizes in long prisms. The hydrochloride 
forms small needles which are easily soluble ; with pboB- 
photungstic ai'id it gives a white crystalline predpitate, 
with phosphoniolybdio acid a yellow crystalline precipitate, 
with picric acid neeiUes. Potassium-bismuth iodide gives 
a brownish-red amorphous deposit, while the potassium 
mercuric iodide forms prisms. Gold chloride yields diffi- 
cultly, and platinum chloride easily soluble octahedm ; 
aqueous mercuric chloride forms needles. 

The aurochloride has the formula C8Hj,Nj.2AuCl,. 

This tetra-raethyl derivative of putrescine is enorraouely 
poisonous as compared with putrescine. The symptoms 
are the same as those produced by muscarine or neurine. 
They are: abundant salivation; dyspncea — respiration at 
first increases, then decreases ; contraction of the pupils ; 
paralysis of the muscles of the limbs and trunk ; increased 
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perifltttltic aftlon of thtt inbfltincs, cia^iiliition of semen, 
dribbling of urine, and, finally, violent t-Ionii? mnvnisions. 
In tlic «isi' of micL' and jtiiinm-pigH tlm tonviilsiona are 
prominent. iniiri(?iliiit/'lv iiCIjt tlii' injwition of the poison. 

PUTRKSI-INK llYl.i[(>r]|[.OHll>i:,' C,II„N,.2HCI, foPttia 
lonw wjlorli'SM nri'dlt'.f, wliii'li iirv vvry fnsily soluble in 
wab-T ; dilliciiltly so in tUIiitr; iilrohol ; entirely insoluble in 
alwolutf^ akoliol, ami oim thus be Bt'imrnted from eadav- 
erint^ liydroeliloride. To awoinplisti tliia separation it is, 
ptTliupa, Itfttcr to dissolve tlie mixture of tne hydroehlo- 
ridcB in hot 96 per ecnt. aleohol. On cooling the solution 
thus obbitn^l, thi- putrestnne salt erystallizes out, whereafl 
that of tffldiiverinir remains in solution. Putrcaeine hydro- 
cblondi' difJl'i's Croin einlrtvi'rin'' bvdroi'hioride in tluit it is 
not. !ivtr,-.)S''..iii.' iirid r'^ni !"■ •■xj.iwil i;>r diivs ti. the air 
wilh.piit -(iimriri- Miiv rhmi^r mi lit.' s^m-iinr oi'tiie iTyHtids. 

For the bchitviornf th.' Ir.r l:i,s,-:,n.l the hy.lroelilopide 
to nikaloidal n'ageiits, see Table I. Putri'sein*! is not toxic, 
though it poss'.'sar's some marke<l pliysiologieal prop<Tties 
(sec Cadavcrino, paj^ 215). Aocording to Scheuki-en 
pulreeeine, like eudaverine, produees inflammation, suppu- 
ration, and neenjHia, It is not poisonous to do(j;s (Udhan- 
BZKY and HaumannV It is optiadly imietive. 

The pT.ATiM.r.ri,..i,ri>l-:, 0,II,jN,.2ri(!i.PtCl, (Pt = 
3d. If) pet- ' ■ d' ■ 'I'l' !' -iipiiirs under the mierosrapp in the 
form of ill'.'' r. I , I !ii ■ |,liiteB. In the pure eondition it 
anpi4irs ii^ -i v-ul. .i |.l.i( -s, wiiieh are superpoae^l in layera. 
The crvstiilM ikwhi-ws ;i sjjlvndid silvery lustre, and are rather 
difficultly soluble in eold water ; less so in hot water. 

The Adr<h'hmhiii>k, (J,iI„Nj.2IICI.2AuCl, + 2H<), 
crystallizes likewise in plates, whieh are ditli(!ultly soluhle 
in c»ld water. It ean, tnerofore, !» reailily separated from 
cadavurine aunx-hlorido, which is iflsily aoluble in wat<'r. 
The water of <Tystallization nm \k; driven ttff rompli'tely 
only at 110° (BriJ'MBr). Aw^ording to Bocklisch, it 
ik»ra this water on standing over sulphuric' aeid, or on 
jfaeating at 100". 

The PicuATE, C.H„N,.2CJI,(N0,)jOH, is diffimltly 
ttiMubld, and erystalliz4« from a hot a({Ucoii8 solution in 
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nec-dles ; from hot aqueous alcohol, on oooling, In yellow 
ttlatos. It begins to browu at 230°, iin<I on ftirtlier heating 
becomes darker, till finally, at 2.'j0'', it de^wmposes with 
rapid evolution of gas (Bocklisch). 

The Carhonate is crystallinG. 

Tlie Mercdby double salt is easily soluble in a hirfrt' 
quantity of water, and can thug U'. separated from tht' 
(kdaverine salt, which is difficultly soluble. From hot t-ou- 
oentrate<i aqueous solution it cTystJillizts in nucdk'S. 

The DiBENZOYL-PDTKEHCINE, C,H,(NHC0CbH5)^, 

forma silky plates or long needles, which are more diffi- 
cultly soluiile in hot alcohol than those of the widaverine 
fiompoun<I, From this solution it is rcpreeipitated by ad- 
dition of water or ether. Its meltiufi-point is 175°. It 
sublimes without det«m position. 

Cabavekike, CjH„N„ is a diamine iaouierio with sap- 
rine and nenridine, and, like the latter, it oeeurs very fre- 
quently in decomposing animal tissues. Twelve isomers of 
Hiia eomposttion are possible. Another isomer, gerontine (see 
next chapter) has been described by Grandis (1890). It is 
a very striking fact, that in ordinary putrefaetion as choline 
disappears the diamines appear ami increase in quantity 
aeeonling as the time of putrefjulion is extended. It is 
also worthy of note that cadaverine appears in putrefaction 
before putreaeine. It has been obtained by Brieoer (1885) 
fix)ra human lungs, hearts, livers, ete. (hence the name), 
whicli were allowed to putrefy at the ordinary tempcratun' 
for three days ; from the same oi^ans, and from iiorseflcsh, 
after four raontlis in a closed vessel at — 9° to -(- 5° ; 
from putrid muasel after sixteen clays ; from putrid ej^j and 
blood albumin. It seems to be a constant product of the 
growth of the comma bacillus, irrespective of the soil nn 
which it ia cultivated. 

BocKHSCH has isolated it from perch and pike, six days 
in midsumnier ; from herring, twelve days in spring ; from 
haddock, two months at a low temperature ; from cultiva- 
tions of FiNKLER and Prior's vibrio proteua oo beef- 
broth, thirty to thirty-five days at 37° to 38° {Ber. 20, 
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1441). CadavcrLne sofjms to be a constant prodnct of the 
activity of the genus vibrio, inasmuch as it does not occur 
in cuhures in which this geons is absent. Thus, it is not 
present in the excrements of healthy or typhoid patients ; in 
cultures of Eumebich's bacillus, of Eberth's bacilhiH,and 
of the pyogenic bacteria. It is said to occor in cultures of 
the bacillus of hog-cholera (v. Schweinitz). Obchbnek 
DE CnHiNCK has found it in putrid jelly-fish {HuGOUNENti, 
page 23). It is present witti putresoine in the urine and 
feeee of cyatinnria (Udran.^zky and Baumann, 1888). 
The odor of cholera stools and the breatli of cholera patients 
may be possibly due to cadaverine, althoujih the liaae has 
not been demonstrated in such cases. It has also been ob- 
tained from caviar. 

Cadaverine occurs in the mercuric chloride precipitate, 
from which it is isolated accoi-ding to the methods given on 
pages 206 and 221, For its isolation and separation from 
putreseine by the use of benzoyl chloride, see page 208. 

This base was at first ascribed the formula Cj&igN^, but 
subsequent researches led Brieoer and Bocklisch to the 
adoption of the tbrmula CjHjjN,. In 1883, Ladenbfrq 
prepared, as the first step in the synthesis of piperidine, a 
base, pentamethylenediamine, possessing the same empirical 
formula as cadaverine, and later (Ber. 18, 2956) he showed 
the possibility of the identity of these two bases. This led 
to their direet comparison and the successful establishment 
of their identity. In fact, Ladbnbuhg, aa a crucial test of 
the identity, converted cadaverine into piperidine, and found 
the latter liase to agree entirely in its ehemiciil and physical 
properties with those of the natural alkaloid (Ber. 19, 2586). 
Ladbnburg, however, observed one apparent diiference 
between cadaverine and penfamethylenediamine, and that 
was in the composition of the mercury double salts. That 
of the former base, whether obtained from alcoholic or 
a<iueous solution (Botklisgh, Ber. 20, 1441), was found 
to combine with four molecules of mercuric chloride ; 
whereas the double salt of pentamethylenediamine was 
found by Ladenruro fo contain only three molecules of 
mercuric chloride. Subse<|uently he found that he had 
10* 
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prepared thia salt by mixing tlie aqueous solutioos of tlit' 
hydrooliloride of the base and of the mercuric chloride in 
tht- iuol«!ular ratio of 1 to 4, and on using a larger exeess 
of mercuric chloride he obtained a salt containing ibur 
molecules of mercuric chloride {Ber. 20, 2216). The eom- 
plete identity of these two bases has, therefon', lieen eataly- 
lislied. The constitutional formula of laulaverine is, thpi-r- 
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NH,— Cir— CII;-CII,— CH,— CII,— Nil,. 
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CailaveriiiL' can Ix! prcmi-ed synthetitsilly iu*oiiliiig to 
Ladenbcrg's method. For this purpose ti-irHethylciie 
bromide ia converted into the cyanide, and this is tlien 
reduced by sodium in absolute alcohol. 

Cadaverin? forms a somewhat thick, water-clear, syrupy 
lii^uid, which possesses an exceedingly unpleasant odor, 
resembling somewhat that of coniine (piperidinc) and of 
semen. Wiien dehydrated with potassium hydrate it hoile 
at 115°-120= (Briegeh). It boilsat 175° (Briegeb,III., 
98), and fumes in the air. Tlie base eagerly altsorba car- 
fjonic acid from the air, and solidifies into a crystalline 
mass, the carbonate. It ia volatile with steam, and can be 
distilled, without decomposition, even in presence of sodium 
or barium hydrate, or soda lime. Nenridine, its isomer, 
decomposes under tbese circumstances. When heated with 
atcoholit; potash and chloroform it does not give the iso- 
nitril reaction, nor does it give the characteristic odor of oil 
of mustard on treatment with carbon disulphide and mer- 
curic chloride. The atraenee of these reactions at first 
induced Brieger to include that fadaverine and putres- 
einc were not primary amines, but Ladenburo (1885) 
showed that this conclusion was not justifiable. These two 
reactions are given by primary monamines, liut in this case 
they are not given by cadaverine, a primary diamine. It 
is probable tliat this behavior holds true for all diamines. 

Cadaverine is, undoubtedly, identical with the so-called 
"animal coniine," which has Iwen isolated at various timcB 
from cadavers. 

Cadaverine and putrescine were at first regarded as 
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phyaiolc^cally indifferent, but more recent investigations 
by SchbobleNiGhawitz, andotliers, showtliat both these 
l^es are capable of producing strong inflamtoation and 
Ae<«rding to Behring, in largo doses it is 



poisoDOUB to niiee, rabbits, and guinea-pigs; it is not 
poisonous to dogs (UcRANezKY and Baomann). Cadav- 
erine is one of those substances which can set up suppura- 
tion in the absence of bacteria. In cholera Asiatica the 
necrosis of the intestinal epithelium is quite common, and it 
would seem that this pathological change, as well as 
the muscular spasms and algidity, are due to the pres- 
ence of these bases. It should be noted, however, that 
Udranszky and Bacmann failed to obtain any sign of 
intestinal irrttatiou on teeding dogs enormous doses of 
cadaverine. Besides these loral effects, they prevent, even 
in small quantity, the coagulation of blood, and render it 
"laky." Aceonling to Grawitz, cadaverine seems to 
binder the growth of bacteria. The cystitis observed in 
cystinuria may possibly i^ due to the presence of cadaverine 
and putrescint? in the nrinc. Both bases are optically 
inactive. 

When cadaverine is treated with methyl iodide, a base 
is obtained, the hydrochloride of wiiich gives witli pla- 
tinum chloride a double salt, having the composition : 
CsH,j(CH,laNa.2nCl.PtCl,. This new base, therefore, is 
cadaverine in which two atoms of hydrogen have lieen 
replaced by two methyl radicals. The platinochloride of 
this derivative forms lung, clear red needles, which, unlike 
tiiose of cadaveriuL', do not change their shape on repeated 
recryatallization. It is modenit^ly difficultly soluble in 
water (Briefer, II., 41). Since cadaverine is a primary 
diamine it sitould combine with six molecules of methyl 
iodide to form a saturated compound. This, however, has 
not been obtained. 

The Hydrochloride, CjHuNj.SHCl, crystallizes in 
beautiful, long deliquescent nw^dles (Brieoer). Aceonling 
to BocKLiecH, it forms long, colorless ncfKllcs or prisms ; 
crystallizes from alcohol in plates, iind is not deliquescent 
except on long standing. It is soluble in water, alcohol. 
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alfoliol-i'tliiT ; but is insoluble in absolute alcohol, ctlieF, 
etc. It can readily be separated from putresc.ine hydro- 
chloride by ita solubility in 96 per cent, alcohol (BocK- 
lisch). The strictly pure base, as ivell as the Iiydro- 
chloride, does not give a blue color with ferric chloride and 
potassium ferricyauide. For reactions of the hydrochloride 
and of the free base, see Table I. 

Cadaverine hydrocliloride on dry distillation decomposes 
into NHa, HCl, and piperidine, C,H,iN. The latter is a 
well-known poisonous alkaloid which exists in the combined 
state in blacit pepper. It is not known wlicther this change, 
whereby the non-poisonous cadaverine is converted into a 
toxie Iwise, can tahe place under the influence of Ijai-teria 
during the processes of putrefaction or not. However, it 
does not seem improbable that tliis simple ehemiiwl change 
should be effected through the action of living oiwanisnis ; 
for Schmidt hm already shown that the almost physiologi- 
cally indifferent dioline, when subjected to the action of 
the bacteria of hay-infusion, decomposes info a neurine-like 
base possessing a muscarine-like action, and under certain 
conditions it yields a base wliich in its a<'tion resembles 
pilotarpine. 

The Sui,PHATE likewise forms beautifiil, well-formed 
needles, and in its solubility corresponds to the hydro- 
cliloride. 

The Platinochloride, C.Hi,N,.2HCl.PtCl, (Pt = 
38.08 per cent.), crystallizes after some time, on the addition 
of platinum eliloridc to a not too concentrated solution of the 
hydrochloride, in the form of long, l>eautiful orange-red 
needles (Bocklisch). Ordinarily it is obtained at first in 
long, dirty red needles, which on repeated recrystallization 
berome clearer and assume a form similar to that of ammo- 
nium platinochloride. It forms chrome-yellow rhombic 
firisras which are short and octohodra-Iike. In polarized 
ight]they arc strongly double rcfractiufj. It is very slightly 
soluble in cold water; can l»e recrystallized from hot water 
(Bockusch). Its solubility In water>t 12° is]! to 113- 
114. It decomposes at 235°-236''. 

TheAuBOCHix)KiDB,C5H„N,.2HC1.2AuCl,|(Au=50.41 
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per wnt,), crystallizes partly in fulx«, and partly in lonj^ 
mMxlU-s which at first possess a bright lustre, but under the 
desiaator soon effloresce and become opa^jue. The water 
oi' erystalliaation ie c«mpl(,'tely removed on standing over 
Bulphuric acid. It is very easily soluble, and melts at 188° 
(Bocklisch). 

The PiCBATB, CgH„N,.2C,H,(NO,)sOH, forms yellow 
plates which are difficultly soluble in cold water. From 
hot water it crystjdlizi'S in long prisms, whieli melt at 221° 
with decomposition. It is insoluble in absolute alcohol 
and can be recrystallized from hot dilut*' alcohol. 

Cadaverine hydrochloride oonibinea witii mercuric chlo- 
rid<>, when the aqueous solutions of tliese two etUts are 
mixed in the molecular ratio of 1 to 4, to form C jH^Nj. 
2HC1.3Hf^l,. This salt can be recrystallized from iiot 
water (Ladbnburq). When an excess of mercuric chlo- 
ride is used the double salt has the composition CbH,,Nj. 
2HCI.4HpC'lj. Tliis last salt melts at 216° (Ladknburo) ; 
at 214° (Bcm^kmsch). It is difficultly soluble in cold 
water; from liot water it crystallizes in nt^Ies or plat^'S 
(Bocklisch), 

The Neutral Oxalate, C,H,,N,.HA0,+2H,0, was 
prepared Ijy Bockllsch by adding a little less than the cal- 
culated quiintity of attwiiolic oxalic ai-id to the Kidaveriuc 
The prtwipitutc may be recryatallized from hot dilute ult»- 
hol, when it is obtained in the form of needles, which melt 
at about 160° and at the same time give off' gas. 

The AdiD 0.\ALATE, C,H„Nj.2H,CA+HjO, is made 
by bringing the neutral salt into alcoholic oxalic acid. It 
is soluble in hot ditut^^ alcohol, and rn^rystallizes from it in 
. qnadratic plates, sometimes in glistening nce<lles. It melts 
ftt 143° with dei»niposition. After it has lieen dried 
f over sulphuric acid, it loses, on being hmted to 105°-110°, 
one molecule of water (Bockli8(:h, Ber. 20, 1441). The 
insolubility of tliese oxalates in absolute alcohol shows the 
fallacy of Tamba's distinction between ptoma'ineB and vege- 
table alkaloids. (See page 186.) 

tThe'DiBEKzovL derivati\'e, C,H|„(NHCOCgHB)„ (Tys- 
tallizea in long n<'edlcs and plates, readily soluble in 
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alix)liol, (Jiffitiiltly ao in rtlicr, ami iiisolnblc in ' 

hence tile al(X)liolic solution («n Ik- in'tx-ipltated by miclitioa I 

of Wiiter or etiuT (Bcpamtion from tnc pntrescine c-oniponnd, [ 
aix p. 208). It melte at 12'.)°-VM°. It is not clian^d Ijy 

l>oilin^ with diluto aj^ids untl nlkulies; but boiling wj'tli i 

eon«'ntrate<l hytlmi-hloric or sulphurif acids I'or a long ' 

time finally hrcalvB it up. , 

SEmtiDiyE, f'jfI|,N^i, wae the first diamine Isolatc'd from ' 
(uiiidiil tissiufl (BiiiEdEn, 1883). It is out- of the meet | 
(■omiui>u pi-oiiiKrtH of putrefaction, and as such has been l 
obtained by Brieqbr from putrid horaefleeh, beef, human 
muscle, five to six ilays ; from hmldock, five days in eum- 
mer; from chw-ae, six weeks in summer; from gelatin, ' 
ten days at 2o° ; from decomjMwing human internal oi^ns, 
three to eleven days ; from cultures of the EnERTn liacillua, 
with mydine. 

BoCKi.iscH lins obtained it from perch, sis days in 
summer ; from barbel after thrw- days in summer. 

It has also been obtained from fresh eggs in the prepa- 
ration of dioline by heating with baryta; and also from 
fresh brain by heating with 2 per oent. hydroohlorie at^id 
(BHrEOEB, t., 57-61). Eurenbero (1887) found it in 
poisonous sausage and obtained it by growing a baeilhis 
from this source on liver and meat bouillon. 

Nenridine is almost invariably accompanied by cholinu, 
and as the duration of putrefection increases, the latf*r 
gradually decreases in amoimt and yields a corresponding 
increase in trimethylamine, whereas the yield of neuridine 
increases trom day to day. The amount of neuridine 
formed depends upon tlie nature of the organ employed in 
putrefaction. The greatest yield is obtained from gelatin- 
ous tissues, such as intestines ; and especially fi-om pun- 
gelatin. On the other hand, such tissues as the spleen 
and liver yield but little. 

Neuridine comes down in the mercuric chloride precipi- 
tate (sometiraiB it orx-urs in the filtrate), and can then be 
isolated from the other bases present in a number of ways. 
One method is given under Gadinine. Another wnvenient 
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method of separation is to prei^ipitate it from alcoliolic 
solution hy alooholic picric acid. The pierate thus ob- 
tained is, for the purpose of fiirther purification, recryatal- 
lizwl from absolute alcohol, tiien decomposed by extracting 
its acid solution with ether (to remove the picric acid) and 
evaporating the aqueous solution to drynoaa. The residue 
is now extracted with alcohol and the alcoholic solution 
by alcoholic platinum chloride. The platino- 
jililoride can now be recrystallized from hot water. 

The free base, as obtained by the treatment of the 
hydrochloride with moist freshly precipitated silver oxide, 
possesses an extremely repulsive odor, similar to tiiat of' 
human semen. On evaporation of its aqueous solution it 
yields a gelatinous-like mass, and at the same time slowly 
decomposes. It does not crystallize when evaporated in a 
vacuum, and decomposes even under these conditions. The 
same disagreeable odor is obtained when the hydrochloride 
is warmed with potassium hydrate. Brieqeb {I., 24) re- 
ganls this decomposition-product of neuridJne as au oxida- 
tion product of the original substance. 

The free buse is very readily soluble in water, but is 
insoluble in uther und aijsolute alcohol ; difficultly soluble 
in aniyl alaihol. It gives white precipitates with niercurio 
chloride, neutral and basic lead acetates. When distilled 
with fixed alkali it yields di- and tri-methylaniine, thus 
probably showini^ some relation to neurine, hent* the name 
neuridine. It does not give Hofmann's iso-nitril reac- 
tion, but it dots not follow from this, as shown under 
cadaverine, that it may not l>c a primary diamine. It is 
isomeric with cadaverine, saprine and gerontinc. 

The Hydrochloride, CjH„N'j.2HC1, crystallizes in 
lung needles which are extremely soluble in water and 
in dilute alcohol, but are insoluble in absolute alcohol, 
ether, benzol, ciiloroform, petroleum ether, benzine, amyl 
alcohol, etc. Its insolubility in absolute alcohol may be 
used to effect a separation from choline hydrochloride. It 
tan be recrystallized from slightly warm dilute alcohol. 
Although the pure salt is insoluble rn the reagents just 
given, nevertheless, in the presence of other aninuil matter 
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it is dissolved in gniiter ur itss (juantity, and lienue cau bt' 
iilitaiuLiI !jy the St.\s-Otto as well as by the Dragen- 
DOiiPF method. Tlit^ iTj'stuls reaioible urea in form. Ou 
jjeatinir very eaiitiously the salt sulilimee, and at the sauie 
time appi'ars to undergo u partial internal deeomposition, 
inasinucli as many of the groups of needles in the sublimate 
are colored red or blue, Tor the behavior of the hydro- 
ehloriile with the alkaloidal reagents, see Table I, 

Pure neiiridiue is not poisonous, but as long aa it 18 
contimiinuted with other putrefaetioii produife it possesses a 
toxit' action similar to that of peptotoxine. This holds 
true for tlie other nou-poisonous bases. 

The pLATiNWMLOttiDE, CsH„N3.2HCl.PtCly cryebei- 
lizuB in beautiful flat needlea. Recrystallized from hot 
water, it forms sifigregationa of small, clear, yellow needles. 
It is readily soluble in water, from which it is precipitated 
on tlie addition of alcohol. 

The AuROCHLoKiDE, CbH,jNj.2HCI.2AuC1j, is rather 
difficultly soluble in cold water (B(K)KLiecH), and crystal- 
lizes on cooling of the hot, saturated solution in buiicbes of 
clear, yellow, short needles. 

The PrcHATE, C5H„Nj.2CgH,(NOj)jOn, can be reerye- 
tallized from boiling water, in which it is very difficult!)' 
soluble, in the form of needles unitwl in plumose groups. 
It is abnost insoluble in cold watt-r ; less difficidtly suluble 
in alcohol. It is not fusible, but begins to brown an<l 
give off yellow vapors at 230°, and carbonizes wmipletel*- 
at 250°, 

Sapkine, C^Hj^N^, was found in human livers ami 
spleens ailcr tlirce weeks' putrefaction (Ekiegeii, II,, 30, 
46, 58). It occurs together with cadaverine, putrescine, 
and niydaleine in the mercuric chloride precipitate. To 
separate these bases, Brieqer (1885) used the following 
process : The mercury salts were decomposed witli hydn^n 
sulphide, the filtrate evaporated to dryness, and the residue 
then extracted with alcohol. The putrescine hydrochloride 
is insoluble in alcohol, and is thus removed. The alcoholic 
solution was trt«ted with platinum chloride, which precipi- 
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tated the gr»!ater pftrt of the cadaveriny, Tlie motlicr- 
li(|Uor, on eonwntration, yieiJed a mixture of the platino- 
ciiloridLfl of tawlavLTmo untl saprme. Eacli auL'a.'SHivii crop 
(wntained more of the saprme double salt. The two kin<U 
of crj'stais wert> now separated by ineaus of a magnifying- 
glaas. The aaprinc platinochloridc thus obtained was finally 
purified by repeatwi rocry stall ization from water. The 
mother-liquor, after the removal of the saprlne platino- 
cJiIoridc, contains the mydaleine salt, whieh, on aeeount of 
its solubility in water, cryatallizfs only on («ut«ntration, 
or on atandmg undtT a desieeator. The mercuric chloride 
filtrate contains some mydaleino and tlic ptomaine, which 
yields a platinochloridc containing 28.40 per cent, platinum. 

The free base is a diamine, and was first ascribed the 
formula CjHjiNj. It appears, however, to be isomeric 
with cadaverine and neuridme. The term saprine Is derived 
from the Greek ouirpiic, signifying putrid. It possesses a 
weak pyridine-Iike odor, and can l)e distilled with steam or 
with |K)tassium hydrate without undergoing decomposition. 
In its reafftlona it Irehavea the same aa cadaverine, except 
that it gives an amorphous precipitate witli potaasiura- 
bismuth iodide, whereas cadaverine gives a crystalline pre- 
cipitate. The free base gives an immediate; intense blue 
color with ferric chloritle and pot^isaiuni ferricyanide. 

The HvDROCHiA)RiDB, CjH|,N',.2HCl, forms flat needles 
which are not liygro8(x>pi<; (distinction from catlaverine 
hydrochloride). Its reactions are the same as those of 
cadaverine Iiydi-ochloride (see Table I.). It is, however, 
tinged slightly blue by a mixture of ferric chloride and 
potassium ferricyanide, whereas the free base gives an 
intense blue. It differs from catlaveriue in that it does not 
give tlie reddish-brown color with potassium bichromate 
and sulphuric acid. Again, it forma no anrochloride; 
while, on the other hand, cadaverine hydrwihloride yields 
an easily soluble salt, crystallizing in splendid needles. 

The PLATlNOOHLORtDE, C(,H,.Ni.2HCI.PtCl„ forms 
parallel, uggregatcd, pointed crystals, which are somewhat 
Boluble in vnater, and an' tlms distinguished from cadaverine 
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platinochloride, which crystallizes in rhombs, and is diffi- 
cultly soluble in water. 

Physiologically, it is indiiferent. 

A Base, C^Hj^Ng. — Until very recently the nature of the 
basic substances which are formed as products of the alco- 
holic fermentation of su":ar or molasses has been but little 
understood. Kramer and Pinner, in 1869, found in crude 
fusel oil a small quantity of a volatile base which they 
apparently identified with a collidine. This observation was 
confirmed by Ordonneau and others ; and still more re- 
cently (January, 1888) Morin has contributed an elaborate 
paper upon the bases formed during alcoholic fermentation. 
The portion of crude fusel oil which boils above 130.5° 
was extracted with slightly acidulated water, the acid 
aqueous solution thus obtained was made alkaline, and the 
oily bases which were thus set free were then distilled with 
vapor of water. The free bases were dried over potassium 
hydrate and then subjected to fra(ytional distillation. Three 
fractions were thus obtained, boiling respectively at 155°- 
160°, 171°~172°, and 185°-190°. Only the second frac- 
tion, which boils at 171°-172°, was studied, and was found 
to possess the fornuila C^Hj^Ng. Heated with concentrated 
hydrochloric acid, it is decomposed in part with the forma- 
tion of ammonia. It combines with ethyl iodide to form a 
yellow crystalline compound, which is soluble in water 
and alcohol, insoluble in ether. The hydrochloride crys- 
tidlizes in fine white needles, soluble in water and alcohol, 
and but very slio-htlv soluble in absolute ether. The free 
base, as stattnl above, boils at 171°-172°, is very soluble in 
water, alcohol, ether, etc. When pure it forms a colorless, 
strongly refracting, very mobile oil, which possesses a char- 
acteristic nauseating odor, but slightly resembling that of 
the pyridine bases. Its density at 12° is 0.9826; toward 
litmus paper the base shows no decided reaction. The 
platinochloride is crystidline and is very soluble in water 
and alcohol, slightly soluble in ether. Potassio-mercuric 
iodide does not precipitate the aqueous solution of the free 
base, but in solutions of the hydrochloride it gives a yellow 
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floBcalent precipitate, which soon crystjiUizes in long bril- 
liant yellow needles. This reaction takes place readily in 
solutions of 1 to 1000, and only after some hours in solii- 
tiona of 1 to 10,000 ; and is not given by the hoses of the 
pyridtc and quinolinic series. Mercuric chloride produces 
im immediate floiiculent precipitate in solutions of the base 
having a ooneentration of 1 to 1000, but requires some 
time to appear in 1 to 10,000. Phosphotungstic acid gives 
an iflimtidiatL' whih^ precipitate even in a dilution of 1 to 
10,000. Phasphomolylxlic a<;id in solutions of tlie same 
strength yields a yellow precipitate. 

The physiologieal action of this base has been examined 
by R. WURTz, who found the lethal dose for rabbits, ett;., 
to be alwut one gramme per kilogramme of Ixtdy weight. 
It produces stupor, paralysis, which at first appears in the 
rear extremities ; the sensibility becomes diminished and 
the pupils are dilated and unresponsive to light; the rate 
of heart-beat is lowensl, and the rectal temperature (alls as 
low as 35° ; death follows a more or less prolonged coma. 

Tanret obtained by the action of ammonia on glucose 
a number of bases, to which he applied tlie generic name 
of gluoosuies. One of these, having the formula CnK[uNj 
(C ^ fi), corresponds iu its formula and its general proper- 
ties to MoRtN's base C,H,„N2 (C = 12), and, in fact, tlie 
two bases 'are considered by Tanret to be identical. 

It is interesting to note in this connection that allmloidal 
bases have been found in petroleum by Bandrowski, and 
that similar basic substances have been detected by Wkllrr 
in parafBn oil. 

Most of the solvents in common use, such as alcohol, 
ether, chloroform, benzole, petroleum ether, amy! alcohol, 
etc., have been shown at different times to contain basic 
pyridine compounds, though ordinarily in very minute 
quantity. On the other hand, Haitinger has found in 
BOine specimens of amyl alcohol as much as 0.5 per ci'ut. 
of pyridine. 

SueoTOXiNE, C|||Hj,Nj(?), is a i>a3e isolated by Now in 
I 3890 from cultures of the hog-cholera bacillus of Salmon 
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(swiiie-plaj^ue of Bi lungs). It is probably identical with 
the base oi)taiiicKl by v. Schweinitz from the same germ, 
althouj^h th(i formula asoribc^l to it by him is Ci^H^gNg. 
Tlie frw base has not been obtained. The hydrochloride 
forms a lio:ht-yellow syrup wliicli shows no tendency to 
crystalliz{\ It is soluble in water and in absolute alcohol, 
and is som iwhat liygroseopic. When heated with fixed 
alkali it ^ives off a stron;2^ amine odor, such as is perceived 
on evaporatintj; the original culture-fluid, if it happens to be 
alkaline in reaction. 

The platinoehloride is obtained by prec;ipitation as a light, 
flesh-(^olore(l, granular precipitate. It is readibly soluble 
in water, from which it can be reprecipitated by addition 
of absolute alcohol. From aqueous solution, when allowed 
to evaporate slowly, it (crystallizes in long, thick needles. 

The mercuroehloride is thrown down from solutions of 
the hydro(*hloride in absolute alcohol, by alcoholic mercuric 
chloride, as a heavy, white, granular precipitate. This 
readily dissolv^es on the addition of a small quantity of 
water, and ctm be perfectly reprecipitated by addition of 
absolute alcohol. On treatment with hydrogen sulphide it 
is readily decomposed, yielding the pure hydrochloride 

The aunxchloride is very soluble in water and alc»ohol. 
From th(; alcoholic solution it may be partially precipitated 
by ether as a liglit-yellow, oily precipitate, which is adhe- 
rent to the sides and bottom of the tube. 

Physiological Action. — The base is toxic only in rela- 
tively large doses, as seen from the following experiment. 
About 100 milligrammes, dissolved in a little water, were 
injected subcutaneously into a young rat. The aninml 
was at first quiet, apparently unwilling to move. After 
sonui inetfectual attempts at jumping, it settled down in a 
recumbent positicm, and when placed on its side was unable 
to rise. Respiration was at first retiirdcxl, later increased, 
but toward the end was airain very slow. Convulsive tre- 
mors shook the body at fmpient intervals. The animal 
kicked vigorously. Reflexes were present almost to the 
end. As death approached, the rc^l eyes whitened and took 
on a glazcxl, opaque appearanccc. Death resulted in one 
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and a half hours. The animal was on its Me, the f(*t 
extended. Po8t-mort«ni examination showed the hiart 
arrested in diastole, lungs rather pale, stomach rontracttnl, 
serum in thoracic cavity, snbciita pale and cedematoiis. 
Repeateil doses of smaller quantities st^ni to eonler a partial 
immunity to the action of the germ. 



,/NH — CIL. 



Methyl-guanidine, CjHjN^,— NH=C\ 

This base has long been known as 

dation of creatine and creatinine, but liad never been met 
with in animal tissues. Bribgbr in 1886 (III., 33} ob- 
taincil it from horseflesh whicli was allowed to decompose 
in a closed vessel at a low temperature ( — 9° to -\- 5°) for 
four montlis. BocKLiscH (Ber. 20, 1441) isolated it from 
impure cultures iiu bocf-brotli of Finkler and Prior's 
vibrio protfius, containing ordinary putrefiictlon bai'teria, 
lor twenty to thirty days at 37°-38°. Vibrio protons 
alone seems incapable of forming this base. The comma 
bacillus after some time (six weeks) partially decomposes 
creatinine with formation of a small quantity of methyl- 
guanidtne (Brieoer). The bacillus of anthrax likewise is 
capable of transforming creatine into methyi-guanidine. 

It occurs in the mercuric cliloride filtrate (Bbieqer), 
Irom which it ts obtained, after the removal of the mercurj- 
by hydrogen sulphide, by precipitation with pliosplio- 
molybdic acid. Tlic pn^^'ipitate is decomposed with neutral 
lead acetate, and the filtrate from this, after removal of the 
\&v\ by hydrc^'U sulphide, is (xinccutrated and then 8<:«iium 

{ilerat<^i atidcd. The nsinous picrate precipitate Is purified 
ly boiling with much water, and, finally, It is recrystallizcd 
^E from boiung absolut*! alcohol. Awording to BocKLisna, 
^H it occurs in the mercuric chloride precipitate (not In the 
^B filtrate), fi'om which it is isnlatnl, after removal of tiie mer- 
^H cury and concentration of the clear filtrate, by precipitation 
^V witliBodium picratc. The precipitate containing cadaverlne, 
^K metliyl-guanidine, and creatinine, is boiled with absolute 
^V alcohol (iiidavprine picratc is insoluble) and the alcoholic 
^K solution is then evaporated to drive oft the alcohol and 
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tiikoii up with water. From this aqueous solution, after 
removal of pierie aeid, methyl-guanidine is preeipitatecl by 
ji^old ehloride, whereas ereatinine remains in solution. 

This ptomaine is identieal with the synthetie nietliyl- 
^uanidini^ (methyhiramine) whieh can l)e rejidily obtained 
by boiling a creatine solution with mercuric oxide or with 
lead dioxide and dilute sulphuric acid (Dessaignes). The 
parent substan(te of methyl-guanidine as it oc(;urs in putre- 
faction is undoubtedly the iTcatine which exists preformed 
in the muscular tissue. If such is the case, the bacteria 
engagcKl in its production must 1x3 considered as possessing 
an oxidizing action, since this base is prepared synthetically • 
from creatine by oxidation. That creatine does not offer 
nuich rcsistan(^^ to the action of bacteria is shown in the 
fact that Fuiedi^ander's pneumonia coixius, whieh pos- 
Hvssvs but small chemical powers, is capable of slowly but 
steadily decomposing creatine, yielding as one of tlie pro- 
ducts acetic acid. Stuecker and Erlenmeyer, as well 
as liAUMANX, have shown that creatine, although a sub- 
stituted guanidine, is not poisonous, but is readily converted 
into creatinine, which is a relatively toxic substance. On 
the other hand, guanidine and methyl-guanidine are quite 
violent poisons. This is, therefore, another instance in 
which a tox'w, snhsUxmv is formed by the action of bacteria 
from a previously non-poisonous base (see page 244). 
According to Lossen, guanidine is formed, though in 
small (luantity, in the oxidation of albumin. 

Tlu; fonnuUe of these (^loselv related substances are here 
given for comparison : 

Creatine, NH = (<f fr'"^^'''"^-^'^^" 

/N(("Il3).CII, 
Creatinine, NII^-CxyTT 1^) 

/N(('H3).Cn, 
Methyl-hydantoine, () = C ^g^rr (\f\ 

NH.OHj 



Methvl-^uanidine, Nil = C'C^xttt* 
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Methyl^^anicline forins a iwlorlfss, easily deliquescent 
mass possessing a strong alkaline rear-tion. On heating 
with potassium hydrate it deeorapoaes, and yields ammonta 
and methylamine. It is a highly poisonous base. 

The Hydrochloride, CjR,N3.riCI, can be obtained 
from the picrate by dissolving the latter in water acidulated 
with hydrochloric acid, and extracting the solution with 
ether to remove the picric acid. The ralorless aqueous 
Bolution now, on evaporation, yields a thin syrup which 
crystallizes in vacuum to compuct prisms. These are in- 
soluble in alcohol, and give witli platinum chloride a double 
ealt of monoclinic needles (Haushoper) which are very 
easily soluble (1 part in about 7 parts water, Tatarinow). 
The AuROCHLORiDE, CjHjNs.HCl.AnCl,, {An = 47.71 
per cent.) forms rhombic crystals (Hadrhofek) which are 
easily soluble iu ether, mori; difficultly in wati'r or alcohol ; 
readily soluble (Briecjer). It readily decomposes on heat- 
ing in pure water, but may be recrystallize*! from wat^'r 
attidulated witii hydrochloric acid. It melts at 198°. 

The Pa:RATE, CaHjN,.C,H,(NO,)jOH, ««mc8 down at 
first as a resinona precipitate, which wlien iioiletl with much 
water solidifies in the fi>rm of felted ucedles, It is very 
difficultly soluble in water, and van lie purifiwl by rcptatcd 

I recrystallization from boiling absolute alcohol — distinction 

f from cadaverina It melts at 192°, 

' The OXAI-ATE, (GaH,N,VHjU,0(+2HjO, forms crystals 
which are easily soluble in water. 

Physkilogieal Action. — Methyl-guanidine as obtained 
from putrefying flesh is identical iu its physiological 
action with the synthetic base. It has already \teen stated 
that ^e non-poisonous creatine is readily converted into the 
relatively energetic poison creatinine. Tlie latter substance 
n paralyzing action diflFering very much from its 
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(Iw'oinposition-prodiK't methyl-guanidine. This base is very 
poisonous, and the symptoms are marked by dyspnowi, 
miisele tremor, and f^eneral clonic convulsions. Brieger 
has observ(Hl the following symptoms on injection of about 
0.2 graumie of methyl-guanidine into a guinea-pig : The 
respiration at on(X3 l)econu^ more rapid, and in a few min- 
ut(*s abundant ])assage of urine and stool takes place ; the 
pupils dilates rapidly to the maximum and cease to react. 
The animal is uneasy but motionless, thougli not exactly 
paralyzed. Rc^spi ration Ixicomes deeper and more labonxl, 
the head moves from side to side, the extremities become 
gradually paralyz(Kl ; dyspnoea sets in, the animal falls on 
its side and di(»s (twenty minutes) amid general clonic con- 
vulsions of short duration. Fibrillary twitchings of the 
trunk nuiscles are observwl only in the Ix^ginning. Post- 
mort(»m showed the heart to Ix) stopped in diastole, the in- 
testines filknl with fluid, the bladder contracted, the cortex 
of the kidney hypenemic, but the papillae of the kidneys 
surprisingly pale. 

MouRiiuiNE, C19H27N3, was obtained by Gautier and 
^EouRGUEs (1888) from tlie mother liquors of aselline on 
concentration of the platinum-contiiining liquid. This sul)- 
stiince constitutes about one-third (0.07 per cent.) of all the 
bases found in cod-liver oil, and is name<l from Gadus 
morrhua, the ordinary codfish. The free base is an oily, 
very thic^k, amber-yellow litpiid, the odor of whi(^h resem- 
bles somewhat that of syringa. It floats on water and par- 
tially dissolves ; is more soluble in ether and in alcohol. 
The base is very alkaline and is caustic to the tongue. It 
absorbs earb(mi(^ acid and is non-volatile. The stdts of 
copper are pr(H*i])itatcHl by it, but the hydrate formed is not 
redissolvc^l 

The hydrochloride is very deliquescent. The gold salt 
forms a yellow precipitate which readily dissolves on 
warming. ^ The platinum salt, C19H27N3.2HCl.PtCl, (Pt = 
27.56 per cent.), crystallizes in baHxHl neiHlles, which are 
quite soluble. (Sc^paration from aselline, p. 230). 
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Phygioloffical Adion. — The base posses8t?s tlic projwrty 
I of exciting the appetite ; it !u?t8 as a diapborctit^ and above 
r all as a diuretic. 0.029 gramme j;iven siilM-iitancoiisly 
f to a guinea-pig i)rodiiwd in two and a half lionra a Josh 
I of 13.5 grammes in the weiglit of the animal. Tlic saiiif 
I effW-t ia jtrodtiwd in birds. Strong doses (0.1 graiiinic jwr 
I kilogramme) produce fatigue ami lieljetndc. 

A Base, C„HjoK„ was obtained as (>arly as 186S by 
I OsBR, who observed its formation during the fermentjition 
I ,of pure eane-sttgar Ity means of yeast. The hydrochloride 

when dried in vacuo is said to form a white, very hygro- 
I Boopic foliaeeous mass, which soon btH'omes brown on expo- 
I sure to air. At first it imparts a burning tasti', which is 

floon replaced by a very bitter sensation. 

A Bask corresponding to the formula CijHjjNj was ob- 
tained bvGAUTiBRand Etaud from the mothcr-litiuors of 
the platinochloridc of the Ktsc CgHi,N. Verj- little is 
known, however, in n^nl to the general properties of thin 
base, owing to the small quantity which could he isoIat«'<l. 
This base and tlie one obtained by OsEit from the yuist- 
iermentatioii of sugar, OjjH,jN., and asellinc, CjjlIjiNj, 
are the only ptomaines thus far isolated which an' knoM'ii 
■ to contain four atoms ol nitrogen. 

The Plating m^Hii HE, C,jH„N,.2HCI.PtCl, {Pt = 
27.''>2 per {■ent), is risiilily *diible, and crystallizes in 
nwlles which (lossi'ss a llght-yollow Hcsh color. Wlicn 
heated to 100°, It slowly d««nip(isc8, giving oH' .'i Hyriiiga- 
like odor, 

L ASELLiNB, CjjII^N,, isolated l)y Gautiek and Moim- 
leUES {188H), together with five otiicr Ikiscs fmin cal-livcr 
"oil. (Sec 11. 263.) It is priwut onlv in small (iiiantitv in 
■ the oil. Till' imiiu' i.'i diTiv.d from AsiOliis inuim-, the j.m-.it 
:: solutions 
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P'(»(^ii. It is not hydroscopic, and iK)sst»sso8 a density of about 
l.Oo. On lieatino^ it melts to a viscid yellowisli fluid, pos- 
sessing an aromatic odor ; is non-volatile. Although almost 
insoluble in water, it imparts to it an alkaline reaction and 
a bitter tiiste. It is soluble in ether, more so in alcohol. 

The salts are crysbdlizable, but are partially dissociated 
by the lU'tion of warm water. The hydrocJiloride forms 
cTosswl or entiin^k^l nwxlles which are quite bitter. The 
^old sidt is very rtnlucible. The platinochloride, Cj^IIjgN^. 
2HCl.PtCl^ (Pt= 24.41), is orange-yellow in color ; solu- 
ble in warm waler, insoluble in cold water (separation 
from morrhuine, p. 228), and is rapidly changed by l)oiling 
water. The mercury salt is prwipitiited in the cold ; redis- 
solves on heating, and then, on (X)oling, recTystallizes. 

In large doses it produces fatigue, short and rapid respi- 
ration, and stupor. Three milligrammes of the hydro- 
chloride kills a grei^nfinch in fourteen minutes. 

Mydine, CyHjjNO, is a non-poisonous base which 
was obtiiined by Bkieoer in 1886 (III., 25) from the 
putrefaction of* about two hundred pounds of human in- 
ternal organs; and also in cultures of the Eberth bacillus 
on peptonizcnl blood-serum. It otx*urs in the mercuric 
chloride filtrate, and is isolat<Kl from it after the removal 
of tlu» mercury by hydrogen sulphide, by precipittition with 
phosphomolybdic acid. The gummy precipitate which is 
produced is dec'omposcKl on the Avater-bath with a solution 
of* n(»utral lead acc«tate, and the filtrate on evaporation yields 
a colorless Iiydrochloridc*, crystallizing in plates. It is 
purified by rcHTystallization of* the picrate. 

T\w frcv base is strongly alkaline, and possesses an am- 
nioniacal odor. It is character izcnl by its strong reducint:: 
properties. The name mydine is derivcM.1 from fivthiD, to 
putreiy. AVitli platinum chloride it gives, after a time, an 
extrcMuely soluble salt; with gold chloride, a precipitate of 
metallic gold. On distillation it is decomposed. 

The IIydrociiloride, CgllnNO.HCl, crystiillizes in 
colorless })lates. It gives a blue color with ferric chloride 
and potassium ierricyanidc. 
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The PiCKATE, CgH„NO.CglI,(NO,)pIf, is ohbtinwl in 
hroiid prisma, whicii melt at 195°. It is tiie only salt 
suitable tor manipulations. 

In dcaeriliing Nencki'h ralliiline (pagi' 196) it was stated 
that tyrosin might be lool^ed upon as the source of tliat 
Ijiwo. It woukl seem, however, to be more appropriately 
tilt' pareut eubstan™ of mydine, ina^nmcli as it aeeomposfs 
on lieing heat«3 to 270° into earlionie m\(\ and oxyphniyl- 
rthylainine, CgH,iNO. The change that takes place can 
Ir' represented by the equation : 

W<ch\.chnh..ccvi = c.ii.<o« „j_j,jj_ ^ CO.. 



I 
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A Base, C^UhNO,, was isolated by E. and H. Sai^ 
KOWBE! (1883) from dwoniposing fibrin and meat. In its 
(roniposition it is isomeric with betaine anhydride. It is 
extremely soluble in water, very diftitailtly so in alcohol, 
insoluble in etiier, and jiosscfjses a semen-like odor and 
saline tasb^, TIil- aqueous solution, which is nut alkaline 
in reaction, yields on evaporation a. stellate crystalline mass, 
wlii<Ji on standing over sulphuric acid becomes a white 
powder, which melts at l.'if)^. It dissolves silver oxide, 
but not cupi'ic hydrate, thus apjiaivntly indicating that it 
is not an amido ai'id. Moreover, it does not give a ]ire- 
ripjtate or blue coloration with copiier acetate, or ammo- 
niacal silver nitrate. It thus diflei'eti from the tlien known 
amido- valerianic acids, its isomers. Reeajtly, however 
(1891), Gabriel and Aschan showed that ^-amido-vale- 
rianic acid agrees with tiiis base in its reactions to copper 
and silver oxide, copper acetate, and amraouiacal silver 
nitrate. The gold salt of the synthetic base possessed the 
same composition as that of Salkowski, and melted at 
86°-87°. 

The identity of this base with <'-aniido-valerianic a<'id 
(homopiixTidinic acid) would sec-ni to Ih; t'stivhlishctl, and 
as Buch it is regai-ded. Its stnu-tnre, then, is rcprc-sentcd by 

Nii,.cii,.cnj.(_ii..cn3.co,ii. 
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For its synthetic preparation sw Ber. 24, 1365 (1891). 
The base does not seem to possess a toxic action. 

The Hydrochloride, CgHjiNOg.HCl, forms colorlc^ss, 
stellate crystals, which are permanent in the air, and are 
extremely soluble in watcT, even in absolute alcohol. 

The AUROCHLORIDE, C5H11NO2.HCI.AUCI3 + H2O, is 

obtained on slow evaporation, as large, well-formed, beau- 
tiful dark-yellow crystals. They are probably monoclinic, 
contain water of crystallization, and melt at below 100°. 

The Platinochloride gave on analysis results cor- 
responding to the formula (O^HijNOg.HCOsPtCl^. This 
may possibly be due to the presence of some higher homo- 
logues of the base CgHjjXOj. It forms fine orange-yellow 
crystiils, which are very difficultly soluble in alcohol, easily 
so in hot water, from which, on cooling, it crystallizes in 
beautiful plates. 

Choline Group. — The following four bases are closely 
related, and, indeed, starting from choline, the oldest and 
l)est-kuown individual, the remaining bases can be readily 
prepared from it. Moreover, they can all be prepared 
synthetically according to methods that will be subsequently 
indicatal. As choline is the most prominent meml)er, we 
have thouglit best to class these substances together as con- 
stituting the choline group. It is very probable that my- 
datoxine and mytilotoxinc, when their constitution becomes 
known, will be found to be homologues of certain memlx»rs 
of this group. 

Neurine, C5lIi3NO = C2H3.N(CH3)3.0II. — This sub- 
stance was ol)tained and named thus by Liebreich (1865), 
who prepared it by boiling protagon for twenty-four houre 
with concentrated barytii. Previous to its discovery as a 
d(K?omposition-product of protagon from the brain it was 
prepared synthetically by IIofmann (1858) by treating 
trimetliylamin(» and etiiylene bromide with potassium hy- 
drate or silver oxide. Baeyer (1866), by boiling an alco- 
holics extract of tlie brain witli baryta watiT, obtained on 
separation by thnny different methods, a base, or rather a 
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mixture of baaes, whii-h, on analysis, yave rfsiilts CDni'- 
s^wiwling to the three fonmilie : 
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(UsH^NOCljiPtCIi (C,H„NC1),FLC1, (OjH„NCl),PlClj 

Fi)rmui:i Ni). H was tlie one awvptisl by LlEBRElcH tor 
nfuriae, i)ut, aeoordiug to Baeyer, LlEliRElL'n'fi ncurinu 
salt is not simploj but is a mixture of Nos. 1 and 2. Hi; 
hiniBfilf a(«epts formula Nu. 1 as tlie platinoeLloridt^ of 
ntinrint!, and diatinetly states [Anntd. d. Cham. u. Phariii., 
142, ^^'2,'^, 1867) that nem^ine is in (.■onipusition trimi'thyl- 
oxyethyl-ammoniiuii hydroxide. And, iu-uoniiujj tii hira, 
choline from bile, and sinkaliae from wbitti mustanlj apjHar 
to be identical with neurine. 

This nomenclature of Baeyeh's -woe, at first lulopted by 
WuRTZ and others, who showed that the oxyethyl Ijasc 
was identical with choline and siukalrue. On that aei'Oimt 
Stbecker, in 1868 {AnnaL, 148, 79), suj^ested the re- 
striction of the name choline to the oxyethyl base, and to 
reserve th(' name neurine liir the liase whose platinochloride 
is ri'presnuttsl in No. 'A, as originally was done hy Lieb- 
KEiea. In ISfi!) Liebreihh showed eonrlnsively that 
pure pi-otaf^n, when heated \Fith baryta for twenty-four 
hours, yields a sulwtjmee hiiving the coni position of the 

NCCiyj.OjH^.OII. 

The plati no chloride of this lijise cryslivllizi^i in live-sided 
yellow plates, which, alter a time, on exposun' to the air, 
iMnauie cloiidv ; on treatment now with wat*.T a portion 
dissolved, and the solution was found to contain the oxy- 
ethyl base. Furthermore, he observed that when the alcu- 
holie extract of the brain, from which all the profa^on had 
been removed, is tresited with baryta, only the lattfr, the 
oxyethyl base, is ohtained. Finally, in 1870, Wuhtz 
abandoned the use of the terra neurrne to desifrnate the 
oxyethyl base, and returned to the name choline, orij^inally 
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rantiniifKl to i-siBt, aiitl t.-ven at tin- iin-scnt time it is the 
ratiae of no little niiHiiinlirsttttidiH<f. Tliiis, MABUfo-Zutii 
(188.'i), in liis ixci'lifjit rc»(«ri-l«'B on tlw. ^imis of pto- 
ina'fn<>8, applii-8 tin- term m-iirint', following Babykk's ppi-- 
(i-flcnt, to tlu> oxyrtliyl Iwise, CjU^NOj, which is i-willj" 
fliolinc, iiitvinlin^ to tlie iiruiMa* nonienGlature. 

We have gone Homcwhat at this point in detail into the 
history and the proper use of the terms neurine and choline 
because of the confusion which ia sure to arise if the dis- 
tinction is not thoroughly borne in mind. The name 
iieiirine, then, should be used only to denote the viuyl base 
C(I-r,jNO. It is tri methyl- vinyl-ammonium hydrate. OuV 
the other hand, choline is applied to the oxyethyl baalrV 
CjITuNO;., which is triiuethyl-oxycthyl-animoninm hydrata 

Neurine lias been obtained by BRiEciER (1883) in the 
]mtrefuction of horse, beef, and human flesh for five to six 
days in summer. It also occurs iu the commercial, so-called 
" neuriue," together with choline (Briegeb, I., 34). liiCTr t 
itBica obtained it iu the decompusitiou of protagon bj 
baryta. And Brieger (L, 60) also has isolated it aloi^ 
with choline from fresh human brains, by boiling v 
baryta; but has not obtained it by digesting the brains on 
the water-bath with two per cent, hydrochloric acid. It 
has been fonud iu putrid, and as resnlt of this change 
poisonous, mushrooms (Berluterblau, 1888), 

The genesis of neuriue is still rather obscure, and it is 
to be hoped that future investigations may shed more light 
upon tlie mysterious prodnction of this highly poisonous 
base. Its occurrence in the brain together with choline 
would seem to indicate that it is either derived from 
choline by the removal of water, or that it exists together 
with choline, partly replacing the latter in the molecule of 
protagon (lecithin), according to the hypothesis put for- 
ward by LiPPMANN (page 241). The question of its 
derivation from choline by withdrawal of a molecule of 
water has already been subjected to an iuterestiug experi- 
nienlal discussion. Cn. Gram attempted to explain tlie 
production of neurine and other mnscarine-like ptomaliiea 
as due to the dehydrating action of the acids employed m 






the method-) iif e\tractiuii, and, indeed, lie claimed to have 
converted chohne platmochlonile, In lieatin{r with hydro- 
clilorlc acid, luto neuiiue Thia statement iiaa been dis- 
pnted by Brieofr, who showed that the platiimoldoride 
ol' choline, as well as the hydrociiloriile, may be heated 
with fifteen or thirty per cent, or even concentrated liydro- 
chlorio acid, for six to eight houre on a water-bath, with- 
_oot any oouversion whatever (III., 15). That neurine 
I'Viiay be obtaiuetl from choline, at least by chemical pro- 
l^oesscs, was shown by Baeyer, in 186(5, who found that 
choline chloride, when heatiil witli aeveral tinus its volume 
of iiineentratcd hvdrioilic acid and some red phosplionis, 
gave a eompound C'sHijNI^ which, on digestion with frfsh, 
moist silver oside, yielded u vinyl liase identical with that 
previously obtained syutlietiially by Hofmann, and now 
huowu as neurine. Bhieger has tried, unsuci^ssfnlly, to 
bring about this dehydration by the putrefaction of pure 
choline (E,, 59). However, Schmidt and Weiss (1887) 
were more succes,sful, and tliey found that eholiue, as well 
as the hydrochloride and lactate, is changed by the action 
of microorganisms into the strongly jwisonous neurine. 
Their results are given in full under choline (see page 244.) 
From what has been said it is evident that ueurine ion 
only arise from choline, and this, as will be seen later, is 
J derived from lecithin. 

Neurine is almost invariably accompanied by choluie, 
from which, however, it can be readily .separate<l by the 
difference in the solubilities of the platinochlorides. It 
otvurs in the mercuric chloride precipitate (and in the 
filtrate), and from this it tan be obtaineil, after removal of 
the mercury, Ity precipitating the stjlution of the mixed 
hydrochlorides in absolute alcohol by platinum chloride. 
The platinochlorides are then separated byrecrvstallization 
from water, since the neurine is dilRcultly soluble, while 
the choline salt is readily soluble. 

The free base poa.se3ses a strong alkaline reaction, and 
on contact with the fumes of hydrochloric acid it yields a 

I cloud. According to LiEiitcEirii, the alkaline solution 
eaoaot be neutraliired by passing through it carbonic acid. 
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The Cm.ORiDE, CjHjjN.CI, is exiremely jx>iauiioiiti, and 
crystallizes in tine hygroscopic ueedles. 

The Platinocui^jride, (0(H,jN.Cl),I'tCI, (l't = 33.l!(t 
per ceut.), is difficultly soluble in hot water, and crystallizes 
in beautiful, well-formed o<^talieilra belonging to the regular 
system. No twin -crystals are observed. Sometimes the 
iirystids (ronlaia water of crystallization, at other times they 
do not (BltlETiKtt, I,, 33). According to LiBBRElCH, it 
i(>rms frona an aquetms solution in five- or six-sided, heajK-d- 
np plates rosembliug un-a nitrate, while from an ah-oliolic 
solution it forms needles, which on csjxisuri; to air liecome 
opatpic, and aii; partially converted into thi- osvethyl base 
— fholiuc. 

The AiiJHM.;iJ].()RiDE, CjHijN.Cl.AuClj (Au = 4(i.37 
(Hir cent.}, forms flat prisms, which are difficultly soluble 
in hot water (BRtEGER.) Dissolves easily, and can be 
purified by crystallization (Liebreich). 

Physioloyioiil Ad.ion, — Neuriue is exceediufily poisonous, 
even in small doses, and in its action it strongly par- 
takes of the characteristic stamp of poisoning hy muscarine. 
The injection of a few milligrammes into frogs produces 
in a short time a complete paralysis of the extremities, with 
deadening of i-efiex excitability. Respiration stops first, 
while the rale of heartbeat {jradually decreases till, finally, 
stoppiigc in diastole takes place. The injection of atropine 
at this point does away with the effect of nenrine, so that 
the heart begins \a beat agaiu. Previously atropinized 
frogs, as a rule, witlistand the action of the poison. Im- 
mediately atW the introduction of this substance there tan 
be observed a distinct period of exalfeition, which, however, 
soon gives way to the charatrteristic stagi' of depression seen 
in the progressive slowing of the rate of heart-beat. Of 
the warm-blooded animals, cats seem to be mncli more 
sensitive to its actiou than mice, rabbits, or guinea-pigs. 
The symptoms seen in rabbits are profuse moistening of the 
uasal cavities and upper lip, which is succeeded by an in- 
tensely profii.se salivation ; later on there is noticeable an 
abuudant secretion from the nasal mucous membrane and 
from the eyes; the latter, however, ceases in a short time. 



CUEMISTRV 1 



'UK ITOMA 



237 



I 



Tlie movements of the heart tiad of respiration are at first 
quickeneii and streDgthened, but before long the paralytic 
effects produce a constant slowing and weakening, till 
finally complete cessation of both movements results. The 
decided dyspntea observed gradually alters its ohaniuter, 
and just before death the respiration is irregular and super- 
ficial. The heart, as in frogs, continues to beat after the 
respiratory movements have ceased, until finally it stops in 
diastole. Direil application of concentrated solutions of 
the poison to the eyes produces almost always a contraction 
of the pupil, while a similar but less constant contraction 
is seen when it is injected. The peristaltic action of the 
intestiues is heightene*! to such an extent that continual 
evacuation takes place. Just before death, violent clonic 
convulsions occur. Atropine pasaesses a strong autagonistic 
action towanl neurinc, aud the iujectiou of even a small 
quantity is sufficient to dispel the symptoms just de- 
scribed. 

Choline, (\H„N0, = C,H,0ir.N(CHj,)3.OH.— This 
\msa is i(lcntl<3il witli the siukaliue of VON IJabcj, tlu- hili- 
neiiriue of LiEUiiEicH, and tim neurine of Baeyer, 
Marino-Zouo, and others. According toSuHMiEUEBBKC 
and UAHNAt:K, it is idcnticikl with Letellier':^ amanitine 
. (^laricinc), to whicli tliev assign, however, the formula 
(CH,)jN.(CHOH.CH,)OH. Choline was first prepared, 
and e<> uame<l, by Strbc'KER, in 1862, by treating hog-bile 
with hydroelilorie aeid. It WJia prej>ared synthetically by 
WURTz (18f>8) by dirdi union of (.■thyleue chlorhytlrine 
and tFiniethylaiuine, The rea^.'tion that takes plaee ean lie 
represcntetl by the etpiation : 



( OH 



CHj 
Cllj 
CHj 



CHj-] 



N= -3 NCI 
C,H..OH 



. Baeybr (1866) obtained it by Iwiling an alcoholic extr,ii't 
of the bniln with Imrvtji water ; and LlEBKER'tl, in ISfiD, 
ed tiiat if the alcoholir e\ti-airt, fn.ini which all the 
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pmtjijion liwl Im.vii rt'iiiovctl, Im^ tliiis trcjitiil, unly ilinliiii- \> 
li)rrmil, wIii.twls pmv protagon, on liwUiit;;- witli li;u-vt;i, 
yii'liis lU'iiriiu'. It lias Ixvn uhtainwl frvnu ilii- yelk i.f 
t'jifts ; i'rorii bile ; from Ctish hi-niiia (Brie(;liO ; liuui IVisli 
f^gs, bliKid, Iimga, and iK-arta, aiid from leoitliio (Mahini> 
Zlttx)); from Immiin placenta (Boeum) ; fi-oui tie lyc; 
fi-oui (•onimcrcial neiirine (Brisoer) ; fi-oni fitsh as well as 
(Itfomposing internal orgnna of tlie radavor (BniixiEit, 
1885) ; from lifrrin;i;-l>rine and da-omjxtsiujj pilvi', tlini- 



1 midsimmior (Boc-KLiHcn). It liasalso Ui 



^..lafsl 



from cnUnns of vilino protoia (BocKList.'u), ami of !■* 
ItaoilhiB (BitiEfiER). EiiRENBERO (1887) fiiiiml it in 
jHiisonons sansagc, an<l, bv ^rrowin^ a barillne iilit;iinwl ii-om 
til is, on liver. 

Not only liaa nbolint bwn mot witli in tlie animal tissu(«, 
but it has also been observed witliiii tlie lost few ywira to Iw 
very widely distributed in tlie vejietable kinjrdom, espooi- 
ally so in fatty seeds. Thus, it lias btvn lijimd (IIarnai^k, 
1876)!]Awompanyingmuaearine, in toadstool (Agariais mns- 
earius) ; in hops, and hence in Ix^r (GbiesS and HAlirmw ; 
in the seeila of Trigouella, in Indian hemp, areca- and earth- 
unts, hemp seeds and lentils (Jaiins); in the seeds of white 
muslard, as a glycoside (von Babo); in ergot (Brieqek); 
in the germs of pumpkins and lupine (ScHULZE, ZeUgitfa; 
f. Pliydol. C/iem., 11, 365); in beech-nnts and morels (Hel- 
vellaescuIenta,BoletuslHsidns, Amanita panthenna,B<')Hjii); 
in flores sambuci (elder), and extracts of belladonna, liyos- 
cyamus, ipecacuanha root and Acorus calamus (KuNz), 
and Scopolia Japonica (StrHMiDT and Hensitike) ; in the 
sprouts and cotyledons of Soja beans (ScHUiJiE, 1888), in 
the fat from hog's bean, vetch, peas and Inpines (.lA(XJit- 
SON, 1889); from the lecithin of lupiue seeds (ScHUi.zE and 
Stbioer) ; and in Chekeu leaves {Myrtus cheken, Weii^). 
Acconling to LiPPMANS {Ber. 20, 3206), it is present, to- 
gether with betaine, in the molasses from beet-root sugar. 
Choliue (EiTniAusEN) and betaine (Bohm) exist together 
in cotton-seeds ; hence, choline occurs in the press-cakes from 
cotton-seeds (Bohm). Aawrdiiig to Schitlze, and also 
RiTTiiAi'SBN, choline occurs with betaine and another 
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base in the seed of the vetcli, and iu peas with a base re- 
sembliDg betaine. The two bases bave also been found 
together in Bcopolia atropo'ides by Siebert, 

Choline may readily be prepared, after the method of 
i DiAKONOW, from the yelk of eggs. These are extracted 
[ with ether, then with alcohol, and the exti-acts thus ob- 
tained evaporated, when the resulting residues are l)oiled 
with baryti for one hour. The filtrate, after the removal 
of the barium by carbonic acid, is evaporated and the 
residue is abstracted with absolute alcohol. The alcoholic 
solution is now precipitated with platinum chloride. 
Bribgeb (II., 55) has presented a method which is much 
simpler in its details and obviates the use of the expen- 
sive platinum chloride. The tissues rich in lecithin, as 
yelk of ^g, brain, etc., are heated with concentrated 
hydrochloric acid for some hours on tlie water-bath. The 
insoluble residue is filtered off, and the filtrate, after neu- 
tralization of the excess of free acid with carbonate of 
aodium, is evaporated. The residue is extracted with 
alcohol, and the alcoholic solution is precipitated with . 

I alcoholic mercuric chloride. The precipitate thus obtained 
on recrystallization several times from a large quantity of 
boiling water, yields the pure double salt of choline. 
If desirable, it can be made from pure lecithin, best pre- 
|>are(l according to Gilhon's method. Yelk of egffi is 
repeatedly shaken up with ether until the latter is coloi*ed 
only a faint yellow; the ether solutiou then distilled, the 
residue taken up in petroleum ether and filtered. The 
filtmtfi, in a separatory funnel, is well shaken with 75 
per cent, alcohol, and this is repeated several times with 
fresh alcohol. The alcoholic extracts are combined, allowed 
ta to stand for some time, then filtere<l and subjected to dis- 
I tillatiou to remove traces of [leti-oleura ether. The solu- 
tion is uow set aside in a cool place for several days; the 
precipitate which forms consists of cholesterine, etc., and 
a little lecithin. The alcoholic solution is filtered by de- 
cantation, then decolored by boiling with bonc-hlack; 
H rapidly evaporated at GO-fiO" to a synipy consistency. 
H This residue is extracted with ether, the solution liltei-ed 
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aiid fivajwratetl. The tecitliia thus obtained m almoat pcr- 
iec-tly pure, but iimtains traces of dioleaterine. To vnm- 
pletely purify il, it can be dissolved iu as little absolute 
aleoliol as possible, and set aside to reprecipitate iu the . 
cold, — 5 to Ift". 

In regard to the genesis of ehuliue the preponderance a 
testimony goes to show that it is derived from the decom*^ 
|xisition of lecithin, whicli, according to the researches of 
DiAKONow and others, is one of the most widely distributed 
compounds, occurring in greater or less quantity in all of 
the animal tissues. Lccitnin, which is a complex esther 
(9tke(;k:ek, Hdndeshagen, Gn-sos), decomposes under 
the actiou of acids and alkalies into a base (choline) 
glycerin, phosphoric acid, and fatty acids {stearic, oleic, 
palmitic, etc). Gilsok has shown that dilute sulphuric 
acid slowly decomposes lecithin, forming choline, which, 
after a few days, disappears; on the other hand, sodium 
hydrate, in even 1 per cent, solution, rapidly decomposes 
it. This change is undoubtedly accomplished in a similar 
manner through tlie agency of bacteria. Bhieoer {II., 
17) is inclined to Iwilieve that choline exists preformed in 
the various tissues, inasmuch as he has l>een uuable to ob- 
tain it from the brain, which is rich in lecithin, by boiling 
with 2 per oent. hydrixJiloric acid. (See St^HUi^.E, paj:e 
242.) Prolonged heating with concentrated hydrochloric 
acid was necessary in order to obtain any choline from the 
brain. This result of Brieger'h is somewhat at variance 
with that of Mahino-Zucx) (see Relazifme, etc., pages 29, 
30, and 38), who obtained from 25 grammes of lecithin, by 
tlie metliocl of Stas, a small quantity of the auroehloride 
of a base, while from a similar amount he obtained more 
relevant quantities by the method of Dragbnixibfp. 

The occurrence of choline in the vegetable kingdom 
would be inexplicable to us at present were it not that 
we now know of the existence of lecithin-like bodies in 
plants, from the decomposition of which substantially the 
same prodncts are obtained as from the lecithin obtained 
from the animal tissues. The existence of snch a body in 
plants was first pi-cdicted l>y Scheiuleu iu 1870, who was 
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Wlal to this coiKilusiou in his celebrated study of beet-root 
fc'Biigar, because of the presence of oleic iwid, glyferin, phos- 
t plioric aeid, and betaine, as well as oholesteriii, in the Ijeet- 
Enot extracts. This hypotliesia was confirmed by Hopi'K- 
KSbyler, wiiu, in 1S79, found a lecithin substance in yeast. 
bScHULZE found a similar compound in the cotyledons of 
pT lupine, while Jacobson observed its presence in mustard- 
Reeds, in fenugreek-seeds, in maize and wheat, in the fat 
from beans, peas, vetch, and lupines. Heokel showed its 
presence in globularia, and Lippmann has found it iu beet- 
I root. According to Hoppe-Seylkr, this lecithin-like aul>- 
■fitance exists iu all vegetable cells undergoing development. 
V'Sc'UULZb: and Likiersik (1891) were the first to prepare 
■lecithin iu a pure condition from plants. It was found to 
■{possess the same properties and yield the same dettomposi- 
Htion-product^ as lecitliin from animal tissues. Up hi tlie 
■preseuttime lecithin has always been supposed to contain a 
Kradical, which gives rise to choline on saponification, as an 
•essential component, while on the otlier hand the fatty 
1 acids entering its molecule are well Ijuowu to be replaceable 
l^^y one another. Thus we may have a di-atearine ieuithin 
3 well as a di-oleine lecithin. The existence of several 
liecithins in the yelk of eggs has been recognized for some 
r time, and according to Sc'hdlze and Likirrnik this is 
also true of the lecithins iu plants. Recent observations 
of LiPPMANX (Ber. 20, 3206) show that the above basic 
radical, hitherto regarded as constant in lecithin, may pos- 
sibly be capal)le of replacement by other similar radicals. 
He fonnd on saponifying with baryta two ditferent speci- 
mens of lecithin, both obtained from beet-root, that white 
»one of them yielded oleic acid, glycerin, phosphoric acid, 
and betaine; the other lecithin gave oleic acid (and some 
Mher fatty acids), glycerin, phosphoric a<ad, and choline, 
with no bctaiiie — at least not in isolable quantity. This 
remarkable difference has led Lipi'mann to suggest an ex- 
planation which, while it may not be the correct one, never- 
theless possesses a liigli degree of probability. According 
^ to him, the lecithin molecule may contain iuterclmnge- 
K-^le basic radicals in the same manner thiit it conlains 
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iiitcrcliantreable acid radiwils. This view is sii|)porte<l not 
only in the rase of beet-root, where choline and betaine 
exist together, but the same two bases have been observed 
in cotton-seeds. A similar coexistencxj was observed in the 
toad-stool (Ajraricns muscarius), in which choline and mus- 
carine were found. And, lastly, the same condition holds 
true probably for mytilotoxine and betaine, which were 
shown to be present together in poisonous mussels. 

Ijocithin cannot always be regarded as the source of 
choline in plants, since this base is known to occur as a 
glucoside in the seeds of white mustard. The sinapin de- 
composes according to the ecpiation : 

CJI^NO, + 211,0 = C,H,,NO, + C„H„0,. 

SiNAPiN. Choline. Sinapic Acid. 

According to Sc^iiULZK (1891) the choline which is iso- 
lated from i)ea- and vetch-seeds exists preformed in the 
seeds, and does not result from lecithin by the process of 
extraction. This is also probably true with reference to 
cottonseed -cake. The condition in which betaine exists is 
not determined. 

The protoplasm itself is another possible source of choline 
as well as of other nitrogenous bases, as xanthine, etc. We 
know from Dukciiskl's brilliant investigation (1890) that 
casein on treatment with hydrochloric acid and stannous 
chloride yields ammonia, amido acids, and organic bases — 
lysatiney CgHiyNgO^, and h/saiinine, VJi^^N-jO — homo- 
logues of creatine, C4TIyX302, and (Tcatinine, C^H^NgO. 
From lysatinine urea can be readily obtained by treatment 
with baryta. Sul)sequently, Sikgfkied (1^91) showed that 
vegetable protoplasm (conglutin from lupine) when treated 
in the same way yields similar products. Later, Schulzk 
demonstrated that the base, ar(/inlne, Cgllj^N^Og, is formed 
in lupine sprouts at the expense of the proteids present, and 
he pointed out that this base is ])rol)abIy related to lysatine, 
from which it ditfers only by ^IT (see next chapter). 



THK PTOMA 



243 



DrcomH)siti<ins of Ciioi.ink. — Bakyrr {18G6) suc- 
ceeded ill converting choline into neiirine by a, purely 
chemical process. This was accomplished by heatinj; 
choline chloride with concentrated fiydriodic acid and 
re<i phosphornH in a sealed tube at 120°-150°, wherebv 
the compound CjH|3Nr5 was formed. The iod-iodide of 
choline thus obtained, on treatment with moist silver oxide, 
gave a base whose platiuochloride corresjKmded to the 
formula ((_'„H,jNCl),PtCl,f H,(>. This double salt, ac- 
cording to B\F\ ER, is readily soluble in water, and gives 
roactions similar bi choline. Altliongh Baryrr is eni- 
phaliL in hi9 a'^sertiou that this is the vinyl comjiound 
(nennne) formed from the osy-ethyl base (choline), yet it 
seems that there is room for doultt in regard to the 
interpretation ot hig results. Thu3 nenriiie platiuochloride 
is difficultly soluble in water, contrary to the behavior of 
the platiuochloride obtained by him. On the other hand, 
choline platiuochloride is easily soluble in water, and it 
would seem, therefore, that Baevbr has not converted 
choline into neurine, but rather has regenerated choline 
from its iod-iodide. If such were the case, we would ex- 
pect that the iod-iodide of neurine, CjH„Nrj, which has 
the same composition an the eorrespoudiug derivative of 
choline, would yield, on treatment with silver oxide, the 
oxy-ethyi base. Baeykr lias apparently not been able to 
effect this change, since he holds that the viuyl Imse may 
be prepared from tlie oxy-ethyl, but that the reverse, the 
preparation of the osy-ethyl base from the viuyl compound, 
cannot be accomplished. 

Whether the change described bvBAEYKU takes place or 
not, it is, nevertheless, certain that choline does uut readily 
give up a molecule of water and thus become converted 
iut'j neurine. Ch. Gn.^M announced, in 1886, that choline 
chloride and lactate on heating ou the water-bath de- 
conipo'*e, and that this eouversiou into the vinyl base wa.s 
complete when the aqueous hydrochloric acid solution of 
choline plutinochloride was heated for five or six hours ou 
tlie water-bath. In tiiis way Gram endeavoreil to explain 
the formation as due to the action of acids upon choline, 
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but BiUKOKit haa sliowu that tbc- platitium salt of clioliue, 
us well as its bytlnxihloritie, tan be beaUxl with lifleen or 
thirty |>L'r wiit., or even couueiitraled, bydrocbloric acid for 
six or eight hours without Liiclergolng auy change iuto 
ueiiriue, thus disproving the resultii obtaiued hy GraH. 
E. St^iiMiUT has confirmed BitiEoKu's observations ia 
regard to the resistunce of choline to decomposition by 
acids, but he has gone further, and has shown tliat what 
the action of acida has failed to do is readily accomplished 
through the ^rency of bacteria. He found that choline 
chloride, when allowed to stand with hay infusion, or with 
dilute blood for fourteen days at 30°-35°, it almost entirely 
deconinosed, yielding large quantities of trimethylamino 
and a base, the platinochloride of which resembles in form 
and solubility the double salt of neuriiie, and possesses a 
similar physiological action. Choline lactate in hay infu- 
sion developed an oilor of tri methyl a mine in twelve hours, 
but at the end of fourteen days a good deal of choline was 
still present. In this case no nenrine was present, but 
instead a homologous base was found, which can be obtained 
synthetically by the action of tri nietlijj amine on allyl 
bromide. According to Meykr, of Marbui^, this ba.se 
does not possess the muscarine-] ike action of ueurine, but 
resembles more closely pilocarpine. 

BiiiBQER (L, 59) had uusuccessfully tried to transform 
choline into nenrine by putrefaction. He observed that the 
choline decomposed with extreme slowness, even when the 
putrefaction was carried on at a higher temperature, yield- 
ing only trimethylamine. Wuhtz (1868) showed that 
dilute solutions of free choline can be heated to bulling 
without any perceptible decomposition. Concentrated 
solutions, however, decompose with the tbrmation of tri- 
methylamine and glycol, C3H,(0H)j (see page lilOl. The 
decomposition of choline was studied somewnat by 
Madthner (1873), who confirmed WuiiTz's observation 
that choline was scarcely decomposed by boiling water, and 
he showed that when exposed to the action of decomposing 
bIoo<l it yielded trimethvlamine. The residts obtitined by 
K. KiSEiiHOEK {Mtscki-l/t f. FhysioL ijkem., 12, 151, 188H) 
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deserve special mentiuri at tliia place. He carried od the 
piitrefactiou of very dilute aoliitiona of the cliloride of 
choline in the presciioe of little or no oxygen in Hoppe- 
Sbyi.br fermentation flasks. Sewer alime, ijecanse of its 
strong fermentative propertJra, was uaed to induce the 
pntrefactiou, and calcium carbonate was added to nen- 
tralize any acidity that might develop during the fermen- 
tation. 

The fermentation, as shown by the evolution of gases, 
lasted for about three months. The total ijnautity of gas 
given off was about one litre from 1.17 grammes choline 
chloride. The gases eonsisteil almost entirely of carbonic 
acid and marsh gas. No hydrogen was evolved. When 
the fermentation ceased the flask was opened and several 
cubic centimetres of the almost neutral clear licpiid were 
njected under the skin of a rabbit without producing the 
least effect. 

This liquid distilled with alkali gave methylamiue 
and ammonia. What is remarkable about this experiment 
the total absence of the higher amines — as, for instance, 
trimetliylaminc, which has lieen observed so many times as 
a decom{>osition- product of choline. The absence of any 
poisonous base, as iieiirine, was probably largely connected 
with the absence of oxygen. 

Free choline ordinarily forms a strongly alkaline syrop 
whiclt combines readily witli acids to form salts, most of 
which are delirjuescent. By oxidation it is convertetl into 
betaiue (see |Jage 2-19), and on treatment with concentrated 
iiitrie acid it gives rise to muscarine (see page 251). These 
reactions can \>e represented by the equations ; 

- OH, + H,0. 

N{CIT3)s.OH 




\cu,)^.on 
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cir,()n cu.oH 

I ' I 

CII^ + () = CIIOII 



N(( "113)3.011 N(OI 13)3.01 1. 

Muscarine. 

By the action of dilute nitric acid choline is converted 
into a base the platinochloride of which is efflorescent and 
corresponds to the formnla (C.Hi.NPjCOPtCl^ + 2II.,() 
(ScHMiKDKBKiKi and Harnack). 

According to Mautiinkr, (choline resembles the canstic 
alkalies in its action. Although putrefying blood decom- 
poses it into trimethylamine, yet, when present in the j>ro- 
])ortion of 1.4 per cent., it is said to arrest putrefaction. 
A 1 to 2 per cent, solution is said to dissolve fibrin or 
coagulated albumin on boiling. 

The free base, as well as the carbonate, is dimorphous 
and forms thin plates or long needles. 

The CiiLOHiDK, CJIjjNO.Cl, is easily soluble in water 
and in absolute alcohol (separation from neuridine hydro- 
chloride). It crystallizes over sulphuric acid to needles 
which readily deliquesce in the air. 

The Pi.ATiNociiLORiDK, (CgH^NO.CO^PtCl, (Pt = 
81. ()4: per cent.), presents an interesting case of trimorph- 
ism. It crystallizes in monoclinic plates (Rinnk) which 
are easily soluble in water, insoluble in alcohol ; also in 
characteristic superposed plates, sometimes in the form of 
orange-red flat prisms (Brie(jj:r). From a warm saturated 
solution containing 15 per cent, alcohol it crystallizes in 
yellow regular octahedra containing one molecule of water 
of crystallization (Jaiixs); from aipieous solution on slow 
evaporation it forms plates, cliuorliombic prisms, or netnlles 
(Koppk-Skylkr) which are anhydrous. When rapidly 
crystallized it forms prisms (IIundksiiagkx, Jahxs, 
ScHULZi:) ; and if the solution is concentrated the prisms 
are very thin, almost needles. According to Scfiui^zk, it 
sometimes forms beautiful orange- red, chiefly six-sided 
plates. Jaiixs maintains that the plates and prisms be- 
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long to the same sytstem ; while HuNDBSiiAGKy holds that 
they are distiuct. Instead of the salt presenting an in- 
Htaui-e of trimorphism as first stated by Hi7NDfHiiAGKN, it 
wuiild seeni that but two forms ofcur — anhydrous moiio- 
cliuic and octahedra with one molecule of water of crystal- 
lization. It contains always more or less water of crystal- 
lization which it does not give up completely over sulphnric 
acid, but only at 110° (BBiBGKri), The natural platiiio- 
chloride becomes strongly electric on rubbing, whereas the 
synthetic choline double salt does not become electric. It 
melts at 225° with effervescence (Jauns). 

The AuROCHminDE, C,H,(NO.Cl.A»C]j (Au =44.48 
Iter cent.), is crystalline and is difficultly soluble in cold 
water, but can be recrystallized from hot water or from 
boiling alcohol. It fijrnis prisms, or gold-yellow long 
needles, which are very easily soluble in hot water and 
alcohol (Lippuann). It can be st^parated from neuridine 
aurochloride by its solubility in water {Bkiegkh). On 
heating, the gold salt melts to a brown liquid (Scuulzk) 
and decomposes at 2S4°. 

The Mercukochloride, CjH„NO,Cl.eHgClj, is ex- 
tremely difficulty soluble even in hot water. On this 
actMunt the mercury salt is very convenient for the separa- 
tion of choline from accompanying bases. 

The PiCRATE, C,H„NO.OCbH,(NO,)„ forms long, broa^l 
ueedles which arc more easily soluble than neuridine plcrate, 
and hence can be separated by recrystallization. It is more 
easily soluble in alcohol than in water, 

Physiological Adion of Choline. — Choline was regarded 

for a long time as physiologically inert, but this belief 

, was set aside by Gaehtgens (1870), who showed that, 

when given in large quantity, it pos-sessed a to.'sic action. 

JTiis observation of Gaehtgens has since been coii- 

iBnned by Clause and Lucilsusokr, Brieger, and 

I^BoBHH. The chloride of choline produces in animals the 

■ tame musoarine-like symptoms of poisoning as are devel- 

rioped by the vinyl base neurine, the only difference lies in 

Kltne intensity of the action. In order to bring about a 

ajjiysiological disturbance, choline must be given in rela- 
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lively large doses. Thus, HiawsKU found it necessary to 
give about 0.1 gramme of choline chloride hypodermi- 
rally to a one kilogramme rabbit in order to bring out the 
same effects as are obtained by the injection of O.OOo 
gramme of the neurine salt. He also found that the 
fatal dose for a one-kilogramme rabbit was about 0.5 
gramme, which is about ten times as large as the fatal 
dose of neurine chloride. Bokhm observed that doses of 
0.025-0.1 gramme produced in frogs general paralysis, 
which, in a short time, leads to death or recovery ; and 
that in its curara-like paralyzing action, choline resembles 
artificial muscarine, although the latter is about five 
hundred timers stronger. Atropine, as in the case of 
neurine and muscarine, antagonizes the action of choline. 
Thus, 0.05 gramme of the chloride produced in a frog iu 
one hour diastolic stoppage of the heart. This condition 
was removed by the injection of 001 gramme of atropine, 
the heart-beat rising to the normal in about fourteen min- 
utes; 0.05 gramme of choline chloride, given subcutane- 
ously to a rabbit (1250 grammes) produced salivation, which 
lasted but a short time, and did not affect the heart-beat 
and respiration; 0.10 gramme was necessary to bring out 
all the symptoms; 0.06 gramme, given tg guinea-})igs, had 
no effect whatever. 

I^KTAiNE (Oxyneurink), C5H,3N03. — This base has 
been well known for some time, because of its occurrence 
in the vegetable kingdom. Thus, it is present in cotton- 
seed (BoKiiM, RiTTHAUSEN and Wegek); in beet- root juice 
(Beta vulgaris), and hence in beet- root molasses (Schei- 
HiiEii, 1866). It occurs also in cattle-turnip atid Ijycium 
barbarum ; and is found with choline and another base in 
vetch-seeds ; in peas a base similar to betaine exists 
(SoiiuiiZP:). With choline it occurs in Scopolia atropo'ides 
(Siebert). It does not exist in these substances as such, 
but is formed from a more complex substance by the action 
of hydrochloric acid or baryta (Liebreich). In this respec*t 
it resembles choline, neurine, and probably muscarine. 
Quite recently, Lippmann (1887) has obtained a lecithin- 
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like body from augar-beet, which, on heatiog with baryta 
gave oleic acid, glycerin, and phosphoric acid (glycerin- 
phosphoric acid), and betaine. Betame, however, does not 
seem to be a constant constituent, inasmuch as on one occa- 
sion be obtained chiefly choline, and little or no betaine. 
These two ba.'res also occnr together in cotton-seed, and 
this fact has led Sciieibler to the conclusion that it is 
no mere chance. Lecithin, as is well known, may con- 
tain variable acid constituents (oleic, stearic, palmitic, etc.), 
and reasoning on this fact, and on the results of his experi- 
ments, Lii'PsiANN lias been led to suppose that it may also 
contain different Imses in variable proportions. 

It has been obtained from human urine (LiEBHEirn, 
l8fi!)), and from poisonous and uon-polsouous mussel, hut 
not from putrid mussel (Beikoeh, 1885, III,, 76). The 
method for its separation from mussel is described on page 
255. 

Betaiue may be obtained synthetically in several ways : 

(1) by o.tidation of choline with potassium permanganate; 

(2) by the action of methyl iodide on glycocoll ; (3) by 
treuliug nionochloracetic acid with trim ethyl amine. The 
last two methods are of value as indicating the coustitution 
of betaiue, and the changes which take place cau be rcpre- 
sentfd by the equations: 




+ 3Cirj = 



+ N(cig, 



N'(CH,)J 

v(\n 

N(CH3),a 
CH, 

I 
(;o,ii. 



From the fbrmnlie of the salts of betaine it ii 
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that hohiine has properly the composition C5H13NO3, which 
is expressecl hy the structural formula : 

N(c^n3),oii 



CII 



2 



COJI. 

The free base is, however, readily eonvertetl into the 
anhydride, C5lI,,N()2, trimethyl glycocoll ; the structural 
iorinnla of which is : 

CII,-N(CIl3)3 



CO — O. 

Betaine is ordinarily regarded as crystallizing with one 
molecule of water, and the composition is expressed by the 
formuhi: CyijiNO^+H^O (= OH.N(CH3)3.CIl2.CO,H). 

It loses this water of crystallization by heating at 100°, or 
on standing over sulphuric acid, forming an anhydride of 
the formula already given. Lip:brkich claims that free 
betaine possesses the formula C^HijNOj, because it yields a 
compound having the composition (C5HjjN02)ZnCl2. The 
fivQ base separates from alcohol in large crystals which deli- 
quesce on exposure to the air. As obtained by BRiPXiER 
from the hydrochloride by treatment with moist silver 
oxide, it possessed a sweetish taste and neutral reaction. 
When distilled with potassium hydrate, it yields trimethyl- 
amine and other bases, among which a base of the formula 
Cgllj-XO^ occurs in the largest quantity. 

Tlie Chloride, C5H12NO2.CI, forms beautiful crystals, 
monocliuic plates, which are permanent in the air, and this 
can be made use of to eifect a separation from the choline 
salt, which is deliquescent. It is insoluble in absolute 
alcohol. This fact can be made use of in their separation 
(Lippmann). It can, moreover, be easily separated from 
other bases by its aurochloride, which is easily soluble. It* 
a little potassio-mcrcuric iodide is added to a solution of 
the chloride, there forms a light-yellow or whitish oily 
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precipitate, wliicli is soluble in excess, hut un riiblitug llie 
sides of the tubo with a jflass rod it reappears as yellow 
needles. This is said to be a charaeterie test (Bkieokr, 
S*;hui-zk, ]8!>1). 

The Aunix;HLOumE,C„H,jNO,.Cl.AHCl,(Au = 43.12 
per cent.), forms magniliceiit cliolesteriD-ltke plates, and is 
easily soluble {JJrielieii), The aurochhiride from siigar- 
l>eet is said to crystallize in needles or plates, and to l>e 
difficultly soluble in cold water (Sciheibler, Lippmann). 
Tlie double salt of the ptomaine melts at 209°, and in this 
it coincides with that obtained from beet-sugar, as well as 
with that of the synthetically prepared base (Brieheh). 
The platinochloride is yellow and crystalline. 

Betatne is not poisonous, 

Muscarine, C.H„NOj = CJI,sNO, + 11,0, the well- 
known toxic principle which 8(;hmiedeijer(; obtained 
from jmisonous mushroom (Agaricus muscarius), has liecn 
obtained also by Brieoer in lX8-'> (I., 48) from haddock 
which had been allowed to decomjiose for five days. The 
process by which its isolation ivas effected is described on 
page 258. This base is specially interesting, because of the 
relation tt bears to choline, for HcHUiEiiEiiERa has shown 
that it IS formed when ctioline, or, better still, (he platino- 
chloride, is oxidized by concentrated nitric acid. It is 
barely possible that Brleuer's base is distinct from 
Bchmjbdeberq's ; nevertheless, it closely resembles it and 
apimrently is identical. 

The Chloride, CjHuNOj.C1, is obtained on the dccom- 
^sition of the platinochloride with hydrogen sulphide, as 
ft syrupy residue, which, under the desiccator, shows a 
tendency to gradually cryatallize. It is deliquescent 
(Harnack). 

The Pi.ATiNocHi-oiirDE, (C,II„NO,.Cl),PtC!, f Pt = 
30.08 i>er cent.), fnrmM as a crystalline deposit of octaliedra, 
vhich are difficultly Hotublc iu water. They lose their 
water of crystallization (21I,0) only by means of strong 
beating. 

The Aiiii<M-iir.nit[i.E. (■JI,,NO,.C!.AuCI„ crystallizes 
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in needles, and is difficultly soluble in water, more so than 
the choline double salt (Harnack). 

Physiological Action. — Small doses of this ptomaine 
induce in frogs total paralysis, with stoppage of the heart 
in diastole, and this action is antagonized by subsequent 
injection of atropine, as well as in the case of previously 
atropinized frogs. Very small doses produce in rabbits 
profuse salivation and lachrymation, contraction of the 
pupil, profuse diarrhoea, and passage of urine and semen; 
finally, the animal dies in convulsions, which, however, are 
only of short duration. 

Constitution of the Members of the Choline 
Ciuoup. — The structure of choline was clearly demon- 
strated by Wurtz, who accomplished the synthesis of this 
base by treatment of ethylene chlorhydrine with trimethyl- 
amine. This same method can be applied to the synthe-is 
of b(*taine and neurine by using monochloracetic acid and 
vinyl bromide instead of ethylene chlorhydnne. The struc- 
tural formuhe which can be deduced from these reactions 
are as follows : 

ciLoir CII2 CO2H CII2OH 

r II I I 

CH, (TI CIL CHOH 



N(CII3)3.()1I NCf^IU^H N(CH3)3.0H N(CH3)3.0H 

CiioMNE. Neurine. Betaine. Muscarine. 

The ibrmuhe of betaine and muscarine are ordinarily given 
as the anhydrides, but there can be no doubt that the free 
bases possess the structure indiciited above. All these bases, 
since they can be pre])ared from choline, may also be con- 
sidered as oxidation-products of trimethyl-ethyl-aninionium 
hydrate : 

CIL 



I 

N(CIl3)3.()II. 



CIltlMlHTRT 



IE l' T ( ) M A 



sr,^ 



MvDATOXiNE, (.'jHi^NOj. — This l)ase was obtained by 
BlUBiEH iD 1886 (III., 25, 32) from several hundred 
pounds of human iuternal organs which were allowed to 
stnnd in closed but spacious wooden barrels for four mouths, 
at a temperature varying from — 9° to +5°. He obtained 
much largerquantitiesof it, however, from horseflesh which 
had putrufied under the same conditions. In the process 
of extraction it is found in the mercuric chloride precipitate 
together with cadaverine, putrescine, and another base, 
CjH,jNO,. It cau be isolafeil from tiiis mixture by recrys- 
tallizing the mercury salts, which removes the cadaverine, 
because of its difficult solubility iu water, and decomposing 
the soluble mercury salts by hydrogen snlphide. The 
HItrate freed from mercury is now evaporated to dryness 
and the residue repeatedly extracted with absolute alcohol, 
in order to remove putrcscine hydrochloride, which is 
insoluble. The alcoholic solution, after standing some time 
to permit complete separation of any dissolved putreseine, 
is then evaporated to dryness and taken up with water. 
This solutiou gives, on the addition of gold chloride,a pre- 
cipitate of the aurochloride of the liase C,lli,NO,. The 
filtrate from this precipitate, containing the raydatoxiue, is 
treated with hydrogen snlphide to remove the gold, and 
then evaporated to dryness. The colorless, syrupy hydro- 
chloride thus obtained forms with platinum chloride a 
double salt which is readily soluble in water, and can be 
purified by repeated recryatallizatious from absolute alcohol 
coutaiuing some hydrochloric acid. 

The name mydatoxine is derived from /ivMa, to putrefy. 
The free base is obtained from the hydrochloride by treat- 
ment with moist, freshly precipitated silver oxide, as a 
strongly alkaline syrup, which solidities in vacuo to plates. 
It is insoluble in alcohol, ether, etc. It does not distil 
without, decomposition. It is isomeric with the base, 
C^HijNO,, obtained by Brieger in 1888 from tetanus 
cultures. 

The HynROCiiLORiDF, C^HijNO^. I ICI , is a miorless, 
deliquescent syrup which does not fiirm any double salt 
with gold chloride. With platinum chloride it gives an 
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easily soluble aalL Otlierwise it combioes only with ph(»- 
phi.imolybilic acid, with whicb it forms tiulJes. lerric 
chloride uud potassiuin ferricyauide yield, after a time, 
Berlin-blue. It is readily soluble in alwihol. 

The Platinochloridb, (C„H|,NO,.HCI),PtCI^ (Pt = 
29.00 per cent.), melts at 19;i°, with decomposition. It 
urystallizes in plates which are extremely soluble in water. 
It can be readily reerystal lined from absolute alcohol acidu- 
lated with hydrochloric acid. The mercury salt is readily 
soluble in water. 

The exact formula of this base, of mytilotoxine, and 
some other bases, canuot be considered to be permanently 
settled, inasmuch as tlie formula of the hydrochloride, 
OjHyNOj.HCI, as deduced from the analysis of the 
platinum double salt, may equally apply to the base 
C,H„NO,.OH a.s to the ha.se C^UuNO,. If the first 
formula is correct, tlien mydatosiue is a homologiie of 
betaine, aud its structure would be expi'esseil by (I). 



CII, 

in. 

N(cn,)3on 



UII 

N{cir,)jOn. 



The second formula would seem to correspond to an un- 
saturated aldehyde of the choline group and its structure 
may be indicated by (2). 

This ptomaine, although it possesses toxic properties, is 
not, however, a strong poison. Its action is the same as that 
of the base C,Hi,NOj (see i>age 262), with which it is associ- 
ated, except tliat the symptoms of poisoning develop slower, 
so that the death of a guinea-pig does not take place for 
about twelve hours. White mice are very susceptible to the 
action of these two poisons. A short time after the injec- 
tion of even small doses they are taken with convulsions 
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rwhicli cuDie on in paroxysms. The eyebuilB roll iipwai'd. 
iLachrymation, diarrhiEia, and dyspntBa come on, aud Lhe 
I mice die within a sliort time. 

A Bask (?), CjH,jNOj, an isomer of the preceding, was 
I obtained by Brikokr in 1888 from tetanus cnttures. It 
is not poiaouons — distinction from mydatoxine. It priilia- 
bly is an amido-acid. The platinochloride crystallizes in 
plates, is easily soluble in water and in alcohul, and melts 
at 1S(7° with decomposition (see page 2S7). 

Mytiliitoxinr, CjH[,NOj, is tlie specific poison of toxic 

Imnssel (Mytilus ednlis), from which it was obtainefl by 
BniiVAEii in 1885(111., 76). This poison is formed during 
the life of the animal under certain conditions which liave 
been thoroughly studied by Sciimidtmann, Virchow, and 
others (see p. 40). Biiiegkk obtained the poison by extract- 
I ing toxic mussel with acidulous water, and evaporating this 
solution to a syrupy consistency. The residue was thor- 
oughly extracted with alcohol, and this solution was treated 
»with lead acetate, in order to remove mucilaginouH sub- 
stances. The filtrate was then evaporated, and the residue 
extracted with alcohol. Any lead that had dissolved was 
removed by hydrogen sulphide. The alcohol vras expelled, 
and the resulting syrup waa taken up with water and 
decolored by Iwiling with animal charcoal. The clear soin- 
tion was now neutralized with sodium carbonate, acidulated 

»with nitric acid, aud precipitated with pliospliomolybdic 
Bcid. The precipitate was decomposed by warming with 
neutral lead acetate, and the i-esulting filtrate, after the 
removal of the lead by hydrogen sulphide, was acidulated 
with hydrochloric acid aud evaporated to dryness. The 
residue was extracted with afeolute alcohol, whereby 
betaine, on account of its insolubility, is removed, and the 
alcoholic solution was prticipitnted by alcoholic raereuric 
chloride. The mei*cury precipitate is repeatedly recrystal- 
lized from water, and the poison is obtained as an easily 
^_ soluble double salt. 
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the liydrocliluriiie jwsse^ses a. disagreeable otlor wliioli di»- 
apgiears on exposure to air, and the substance ceases to pos- 
sess poisonous properties. Brieqer lias prnjiosnl the 
appliuation of this teat for the rec(^nition of poisimong 
niusGel ; ou treatment of these with alkali the characteristic 
odor is deveJo]>ed. Mytilotoxine is also destroyed oq dis- 
tillation with potassium hydrate and in the distillate there 
is found an aromatio n on -poisonous product and trimethyl- 
amine. The free base, therefore, does not exist by itsell' 
for any length of time, but soon becomes converted into an 
inert substance. H. Salkowski has also shown that it is 
destroyeti on txiiling with potassium carbonate, wherea* 
its hydrochloric acid solution can be evaporated to dry- 
ness and heatc<l to 110° without destroying its [wisonous 
projierty. 

The Hydrochi/jride, GiHisNOj.HCI, prepared from 
the anrochloride, crystallizes in tetrahedra. It is extremely 
poisonous and according to Briborr produces exactly the 
same symptoms which have been observed by Sciimidt- 
MANN in persons who have parbikeu of poisonous massels 
(see page 38). Ou standing, however, the -pure hydi-o- 
chloride gradnnlly becomes dark and decomposes with loss 
of its poisonous property — a change corresponding to that 
which tetauine undergoes (p. 267). The gold salt is better 
adapted for preservation. The ordinary ulkaloidal i-cagenta 
produce in its solutions, if at all, only oily precipitates. 

As stated under raydatoxine, the formula of the hydro- 
chloride, CgH,jNOj.FICl, is applicable to either one of two 
bases, CjUi.NOj.OlI or C(H„NOj. The base correspond- 
ing to the first formula is evidently a homologue of mus- 
carine, and should poissess a similar physiological action. 
As a matter of fact, mytilotoxine does resemble muscarine 
somewhat in its action, and its occurrence together vith 
betoine would seem to make it a decomposition -product of 
lecithin, in which case this base must be looked upon as a 
member of the choline group. It is iuterestir^ to know 
that a compound corresponding toihe formula CgH,jNO,.OH 
has Iwen known for s<inie time, and was prepared by Han- 
RIOT in a manner analngoua to Wurtz's synthesis of 
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diuline, by treating glycerin nionoclilorhydrino wit)i tri- 
methylumiiM!. Tliia biae, triiuethyl-glyceryl-ammoniiiiii 
hydrate, has tliis Btriicture: 

CH,OII 

CHOH 

Jh. 

It would spem tbat Hanriot's base might possibly be 
ideutical with mytilotoxine, but a careful compariaou made 
by Bbieger showed tbat it possesses no physiological action 
and that its chemical I'eactions are eiitirely different. 

Mytilotoxine would, therefore, seem to possess tfie for- 
mula, C'sHijNOj, as originally given it by Bribqeb. From 
the fact that on distillation with potassium hydrate it yields 
trimcthylamine, it follows that luytiJotoxine is a quarter- 
nary base. He is inclined to regard it as a methyl deriva- 
tive of betaine, which is so common in mussels, and repre- 
sents it by Ibrmiila No. 1. 
(1) 



CO,H 
I 
CH.CH. 



N{Cn;),.OK 



cirpii 
CII.CU3 

N(CH3),.()H 
No. 1, however, is C,H,„NO^, instead of C,U,,NO„ as 
' above. The formula No. 2, C„II|jNO„ would represent 
a derivative of choline or muscMriuc, with only a slightly 
higher percentage of hydrogen. 

The Auroijhl. -RIDE, C„II,5NO,.lICl.AuClj(An =. 41.66 
_ per cent.), crystalliz^'s iu cubes. Iti» melting-jnint is 1 82°. 
^^ It is well t^) observe that Bkieqer has b^'n unalik^ to 
^1 obtain this base from mussels that were allowed to puti'eiy 
^Bfor sixteen days. 

^^ Physiologiml Action. — According to BRiECiEit, niytilo- 
^■itoxine produces all the characteristic eETeits teen iu mmsel 
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poisoning, and it is, tlierefuri!, a t^tning paralysis-prod udii|[ 
[Ktison, aQ<1 rpseiubleB oiiram in its action. This action is 
explainable now lliut Clause and LtrctisiNGER have 
sliown that all tri methyl-am luonlum bases have a mtista- 
rino-Iike action. For the symptoms induced by poisonous 
mtissel see pnge 38. 

Gadinine, C,H,rNO„ was fouod in haddock (1886) 
wbirh was nltowed to decompose in open iron vessels for 
five days during snmmer. Brieser lia.9 also obtained it 
from cultures of the bacteria of human fet«B on gelatin. 
The decomposing mass was thoroughly stirred every day 
in order to bring it into contact with atmospheric oxygen 
(Brikjeii, I., 49). It was then treated with water, and 
hydrochloric acid was added to acid rt»ction, and after being 
warmed the mixture was filtered and the filtrate concen- 
trated on the water-bath to a syrupy consistency. This 
syrupy residue was extracted with water, and the aqueous 
solution was precipitated with a solution of mercuric chlo- 
ride. The mercuric chloride pi-ecipitate contained a base, 
the quantity of which, however, was iusufSdent for a com- 
plete analysis (sec page 272). The mercuric chloride filtrate, 
after the removal of the mercury by hydrogen sulphide, 
was evaporatal to a syrujt, and this was then repeatedly 
exti-acted with alcohol. The alcoholic solution thus ob- 
tained contained neuridine, a base of the same eoiupositiou 
as ethylenediamine, muscarine, gadinine, and triethylamiue. 
These bases were separated in the following manner: The 
alcoholic solution gave with platinum chloride a precipitate 
of neuridine. The filtrate from this platinum precipitate 
was heated on tJie water-bath to expel the uleohol, and then 
the platinum was removed by hydrogen sulphide. The 
aqueous filtrate was concentrated to a small volume which, 
on addition of platinum chloride, gave a precipitate of the 
isomer of ethylenediamiue. The mother-liuuor from this 
pi-ecipitate was concentrated on a water-bath, and on cool- 
ing the platinochloride of muscarine crystallized out. From 
the mother-liquor of this precipitate ou standing in a des- 
iccator, the gadinine double salt crystallized. The mother- 
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liquor from the j^iniiie platinochloriile was treatetl witli 
liydrogeu sulphide lu remove the platinum, ami the aque- 
ous liltrate on distillatiou with )»itasainia iiydrate gavi: 
trietliylamine. 

Gadtniue (fi-um <Jadus callarias, haddock) iu sruuil doses 
does Dot appear to bo poisouuus ; lai^r doses (0.3-1 grumnie) 
are decidedly toxic and may kill guiuea-piga. Tlie formida 
of the free base as deduced from the analysis of the plati no- 
chloride may be either CjH,jNO, or Cjir„NO, OIL 

The Hydhoculoride, CjlIuNO^.tlCi, as obtained by 
the deoomposiCiuu of the platiiiochloride with hydrogen 
sulphide, crystallizes under t lie desiccator in thick, colorless 
needles, which are easily soluble in water; insoluble in 
alcohol. It forms no combination with golil chloride, but 
does give crystalline precipitates with phosphomolybdic 
ucid, phospbotungstic acid, and picric acid. 

The Platisochlouide, (C,H„NO,.HClXPtCI, (Pt = 
27.68 per ccut.),ia at first quite soluble, and on standing over 
a desiccator it crystallizes in golden-yellow plates, which, 
when once formed, are again difficultly soluble in water. 
It can be recryatallized from hot water. It melts at 214°. 

Typhotoxixe, C,H|jNO,. — This base was named thus 
by BiitEfiEit in 188.5 (in., 86), and is reganied by him as 
the specific toxic product of tlic activity of Kot.'H-EBEUTH'8 
typhoid bacillus. It is, however, probable that, as in the 
tutse of tetanus, there arc basic and other products formed. 
He obtained it by cultivating the bacillus on beef-broth for 
eight to fourteen days at the temperature 37.5—38". The 
nature of the soil on which it grows has a great deal to do 
with the formation of the poison. An especially important 
factor is the temperature: for Bkiegeu has observed that 
no poison was produced in one case where the temperature 
remained by accident at 39° for twenty-four hours. In 
such cases creatine is present in quantity, whereas otherwise 
the reverse is the rule. 

In the process of extraction it occurs in the mercuric 

k chloride prw'iiiitute, and from this it is obtaine<!, afler the 
removal ul'thc iniTctiiy l)y hydrogen Mul|ihide, a.'* an easily 
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deIique»oent hydrochloride. This for the [nirpose of puri- 
fication is coQverted iuto the difficultly soluble aiirochloride. 

Typhotoxine is isomeric with gndininc and the coinjrauDd 
CfH,jNO„ which Bribjrii obtained from piitrefytiig horse- 
flesh. In its properties it is, however, very diH'erenl. 
Thus, the fi-ee base is strongly alkaline and its hydrochloride 
yields a difficultly soluble picratc. Ou the other hand, Ihe 
isomer from horseflesh possesses a slightly acid reaction, 
and does not form a picrate. Again, typhotoxine gives 
with Eiiiu.icii's reagent (suli)ho-(liaz«beni!ole) au imme- 
diate yellow.coliir, which disappears upon the addition uf 
alkali, whereas the isomer does not give this reaction. 
Furthermore, the two basts differ in their physiologieiil 
actiou and in tlieir Ijehavior to alkaloidal reagents (see 
Table I.). Their mirochlorides, however, possess the same 
melting- point. 

The HYDRocHijORinE is readily dellc|nescent, and unites 
with platinum chloride to form an easily soluble donbte 
salt crystallizing in needles. 

The AuROCHLORiDE, C,H„NO,.nCl.AuGI, (Ati = 40.46 
per cent), is difficultly soluble, and crystallizes in prisms, 
which melt at 176". lu its melting-poiut and solubility 
(197°, Briborh, Ai-ch. f. palkol. Awii., 118, 489) it 
agrees with its isomer from horseflesh. From some of hia 
first experiments in the cultivation of the typhoid bacillus, 
Brieger (II., 69) obtained a basic pi-oduct diH'cring in 
some of its characters from typhotoxine. Its aurocliloride, 
on analysis, gave 41.91 and 41.97 per cent, of Au, 16.06 
per cent, of C, and 3.66 per cent, of II. ; while typho- 
toxine anrochloride gave 40.78 per cent. An, 17.38 per 
cent. C, and 3.S5 per <!ent. H. For a comparison of the 
reaction of these two substances see Table L 

In its physiological action, typhotoxine differs from its 
isomer (page 262) in that the latter produces syDiptoms 
with well-marked convulsions, whilst the former throws 
the animal into more of a paralytic or lethargic condition. 
The action of this base has been studied only on mice and 
guinea-pigs. It i>rodnces at first slight siilivation with 
iacreased respiration; the animals lose cynlrul oyer the 
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muscles of the trunk and extremities, and fell down hel}>- 
lesa upou their sides. The pupils become strongly dilated, 
and cease to react to light; the salivation becomes more 
profuse ; the rate of heart-beat and of respiration gradually 
deoreaaes, and death follows iu from one to two days. 
Throughout the course of these symptoms the animaltj 
have frequent diarrhceic evacuations, out at no time are 
convulsions present. On post-mortem, the heart ia found 
to be in systole, the luugs are strongly hyperferaic, the 
other internal organs pale, the intestines firmly contracted, 
and their walls pale. 

A Basb(?), C,Hi-NOa, was obtained by Briegei: in 188(i 
(III., 28) on worliing over about one hundred pounds of 
I horseflesh which had been allowed to undergo slow putre- 
I' faction with limited access of air and at a low temperature 
' ( — 9° to +5°) for tour months. It occurs iu the mercuric 
chloride precipitate together with cadaverine, putrescine, 
and mydatoxiue, and from these bases it can be separated 
aud isolated accoi'ding to the method on page 233. 

A similar, if not identical substance, having the com- 
position CjH,jNOj, was obtained by Baginsky and Stadt- 
HAGEN (1890) from cultures on horseflesh, fen daysat 35°, 
of a bacillus, closely allied to Fin kler-Prio it's, aud iso- 
lated from stools of cholera infantum. The gold salt in 
crystalline form and properties is the same as Briegku's, 
except that it possesses a somewhat liigher melting-point. 

The free substance possesses, even after most careful 

purification, a slightly acid reactiou. This acidity is 

removed from even a lai^e ([uantity of the substance by 

the addition of a drop of alkali. On account of the add 

, character of the free substance, Brieger does not consider 

I it to be a base (a ptomaine). It differs, however, from the 

amido-acids in Its poisooons character; in the fact that, 

unlike an acid, it does not unite with bases to form salts; 

and in not giving the characteristic red coloration (Hqf- 

HKitfTRR's reaction for the amido-acids) with ferric chloride. 

_ Whatever the true nature of this sulfetanc* may Ite, it 

K nevertheless, in its other properties, behaves like a base. 
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Thua, it fiirms simple as well as dmible aalts. On boi'liug 
witli co|»p('r acetate, it givoa amorphous flocciilea. Uuiler 
the Oesifcator it solidifies into plates wliii'li (lelkjuesce on 
exposiife to the air. It does not ramhine either with silver 
oxide or with cupric hydrate. On dry distillation it vleldh 
a distillate possessing a strong add reaction and a pe(;iiliar 
odor. The distillate does not give any precipitate with 
platinum chloride, or with gold chloride, nor does it react 
with copper acetate. With phosphoiuolyUUc acid, how- 
ever, it forms an amorphona mass ; with ferric chloride and 
potassium ferricyanide it yields an immediate precipitate of 
Berlin-Wne, whereas the original substance does not give 
any bine coloration. 

The IIydrociiixjridb, CjH,jNO,.HCi, crystallizes in 
fine needles which are insolnule in absolute alcohol. When 
its aqueous solution is treated with freshly precipitated 
silver oxide, tlie resulting BItrate contains some silver oxide 
in solution, from which it can be removed by hydrogen 
sulphide; thus dtSerlng from au ammoniacal silver solu- 
tion, which gives no precipitate on treatment with hydrogen 
sulphide. In this respect it resembles Sai,kow«ki's base, 
|jage 231. For reactions of the hydroc'hloride, s(;e Table I. 

The AuROCiiLORiDE, CjHijNOj.HCI.AuCIa, forms 
plates which are difficultly soluble in water, and melt at 
176° — the melting point of the gold salt of typhotoxine. 
It is dimorphous, since sometimes it is also obtained ia 
needles which can be changed into plates. 

It does not form a picrate, nor does it give a reaction 
with Kiilpho-diazoljenzole. 

Phyaiolor/ical AcHon. — This substance, when injected 
Into fruga, produces a curara-lilfe action. A few minutes 
ailer the iujcetiuu the animal falls into a condition of 
paralysis, and, although It can still react toward i-eflexes, it 
cannot move from its place. At times fibrillary twttchiugs 
pass over the Uidy. The pupils <liliile, the hoart-action 
becomes gradually weaker, and finally, after several hours 
the animal dies, with the heart in diastole. Doses of 0.05 to 
0.3 gramme of the hydrochloride, injected into guinea-pigs, 
produce in a abort time a slight tremor, f^radiial i 
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respiration, aud slight raoisteuing of the lower lip. Tlie 
pupils at first cuDtract, then dilate ud maximnm, auu heconie 
rtactionless, Tbe temperature remaina at first normal; 
chills of short duration follow in rapid 5ut%ession. Tlie 
animal squats on the ground with its snout pressing against 
the floor in exactly similar manner as is cnu.sed hy the 
mussel poison. Violent clonic convulsious follow iu con- 
tinually shorter intervals, and at the same time lachryma- 
tion and salivation become profuse, but not as excessive 
as in the case of the muscarine-Iike ptomaines. The tem- 
perature sinks with the deci-ease in tlie rate of respiration, 
the ears previously gorged become pale and cold, and the 
heart-action becomes irregular and less frequent than before. 
General paralysis sets iu, but the head still moves iipwanl 
and backward. External stiiniiii induce violeot clonic 
convulsions, the animal repeats frequeutiy choking move- 
ments, and at the same time yields large quantities of 
saliva; finally, it falb upon its side completely paralyzed, 
and dies. Tbe heart stops in diastole, the intestines are 
pale and .strongly contracted, and the bladder is empty and 
likewise contracted. 

MoBRUUic Acid, CgHijNOj, was obtained by Gadtieb 
and MouRGUEs (1888) from brown cod-liver oil, together 
with six ba.sea, already described — namely, biitylamiue, 
amylamiue, hesylamine, dihydrolntidine, aselline and mor- 
rhnine. These bases constitute about 0.2 per cent, of the 
oil. The discoverers regard them as true leueomaines, 
dissolved from the liej)atic cells by the oil. It is more 
probable, however, that these compounds are the products 
of initial decomposition, and for that reason they are de- 
scribed under the head of ptomaines. This compound is 
relatively abundant, and is basic as well as a<'id iu charac- 
ter. It is resinous in ap|)earance, aud can be crystallized 
in Battened prisms, or large lau<«'shaped plates. Wheu 
recently precipitated it is oleaginous, viscous, then gradually 
hardens. It possesses a disagreeable aromatie odor m- 
sembltng that of the sea-weeds, upon which tbe fish feed. 
According to the discoverers its proltable sourti.' is the 
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lecithin derived thus from these weeds. It is soluble in 
alcohol, and but slightly in ether. It reddens turmeric, 
decomposes carlMnates aud with acids forms salta which 
precipitate lead acetate and silver nitrate, but rot copper 
acetate, even on warming. 

The hydrochloride is crystalline, and is partially disao- 
ciated by excess of water. The platinum salt is soluble, 
and crystallizes in very small cross-shaped prismatic 
needles. The gold salt is amorphons and is readily altered 
on heating. 

The properties of this compound show that it is of a 
pyridine nature, and inasmuch as it does not give a pre- 
cipitate with copper acetate, it wonld appear that the cari>- 
oxyl is not directly united to the pyridine nucleus. This 
does uot necessarily follow now that we know that some 
amido-acids exists which do not give a reaction with copper 
act'tate (see page 231). Its pyridine nature is further- 
more shown on distillation with IlAe. An oily alkaliuc 
base ig thus obtained which forms an iodomethylate, aud 
this with pofassitmi hydrate yields quite an intense red 
color, resembling lees (Db Conisck's reaction). On 
oxidation with permanganate of potassium it yields a mono- 
basic acid. According to Gautier and Mouugues the 
compound is probably identical with De Jdngh's gaduini-, 
and they ascribed to it the followiug constitution, whicli, 
it should be said, lacks full confirmation : 



lie: con 

! It 
ii,c c— c,n,,co,ii. 



Compare with tyrosin, CgHnNOj (page 197). 
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A Base, CjH„N,0„ was obtained by Pouciiet (1884) 
fpora the residual liquors resulting from an industrial treat- 
ment of dfibris of bones, flesh, and waste of all kinds, with 
dilute sulphuric acid. It is accompanied by another base, 
C.H^NjOj, from which it can be separated by treatment 
with alcohol. The baseitself forms tufts of delicate needles 
which alter or decompose less easily than the accompanying 
base. The platiuochloride, {C,H,,N,0,.HCl),PtCI„ forms 
a dull yellow powder, somewhat soluble in strong alcohol, 
but insoluble in ether. The platinochloride (CjHigN,Og. 
HCI),PtCI, is insoluble in ether. 

The hydrochlorides of these bases form silky needles 
which are altered by excess of hydrochloric acid and by 
exposure to air. Pouchet considers them to be closely 
allied to the oxy-betaines. The general alkaloidat reagents 
precipitate these bases; the phcephomolybdic precipitate, 
on addition of ammonia, gives a bine tint. Both bases are 
toxic, and exert a paralyzing action upon the reflex move- 
ments. 

The method era]tloyed by Pouiiiet for their isolation 
waa to precipitate them as tannates. The precipitate was 
decomposed by lead hydrate in the presence of strong 
alcohol, the excess of lead removed from the solution by 
hydrogen sulphide, and the clear liquid thus obtained was 
submitted to dialysis. The above bases occurred in the 
dialysat£. lu the non-dialyzable portion volatile bases 
were found pnibably identical with those described by 
Gahtier anil Etakd. 

Tctanixe, CijHj^N/),, wn.s obtained in 1886 by 
Brieuer (III., 94) by cultivating impure tetiiuus miiTobes 
of RoBENliACH, in an atmosj)here of hydrogen on beef- 
I broth for eight days at 37°-38°. It likewise occurs in 
, cultures on brain-brotli. Later {April, 1888), Brieoer 
aucceedcd in obtaining tetanine from the amputated arm 
of a tetanus patient, identical in its physiologital action 
and chemical reactions with that isolated from cultures 
of RosKNRAcir's germs on liecf-broth. The preJseuL'C of 
I tetanine during life in tetanus patients has thus been 
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Heiiioustrated. It lius not Loeii fuiiui] in the braiti auJ 
nerve tissue of i>erBoi]H de»d from telauiis. A purllun i>f 
the jelly-like niii^ taken from tlie amputated arm »-a^ 
found to contain tetanus bacilli as well as staiiliylocuLvi 
and streptococci, and when planted on beef-broth, tetaniiie 
was formed, but no letanutoxiue or spasmotoxine. 

KiTASATO and Weyi. (1890), employing pure cultures 
of the tetanus bacillus, obtainc<l from 1^ kilogramme beef 
used as culture medium 1.7118 gramme of tetaniue hydro- 
chloride (0,137 per cent.). Tetanotoxine was also present. 
For its isolation Buirukk employed the following 
method : The cultures were slightly acidulated witli 
hydrochloric acid, heated and filtered; the filtrate was 
then treated ivtth lead acetate and with alcoholic mercuric 
chloride in the manner described under mytilotoxine (page 
255). KiTASATO and Weyl digest the cidtureswitb 0,25 
percent, hydrochloric acid for some hours at 60°, then render 
slightly alkaline, filter, and distil in vacuo at 60°. The 
residue iu the retort is worked for tetaniue by Brtkger's 
method, while the distillate contains tetauotosini!, ammo 
uia, indol, hydrogen sulphide, phenol and butyric acid. 
The filtrate from the above mercuric chloride precipitate 
contains the greater part of the active principle, provided 
the precipitate has been thoroughly washed. After the 
removal of the mercury by hydrogen sulphide, it is evap- 
orated and the residue is repeatedly extracted with absolute 
alcohol, in which the tetanus poison readily dissolves, and 
can thus be separated from the insoluble ammonium 
chloride. The alcoholic solution is treated with alcoholic 
platinum chloride, which precipitates the ammonium and 
creatinine pi atinochlo rides, whilst the platinochloride of the 
poison remains in solution. The filtrate from this precipi- 
tate gives, on the addition of ether, a flixwulent precipitate 
possessing exceedingly deliquescent proiTerties. The pre- 
cipitate is, thcivfore, rapidly filtered off by mams of a 
pump, and dried iu vacuo. It i'au tlieu be recrystallizod 
from hot 96 jjci' i.-cut. alcohol, and the beautiful clear-yellow 
plates thus obtained, if dried again in vacuo, become 
'ather difKcultly soluble iu water, from which it can then 
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be recryHtalli>«!(l and obtained in a jierlectly pure coudi- 
tioD. II' boiled with buneblack it decumposeti, yielding a 
non-poisonous tTystalline eumpouud. 

Phosptioniolybdie aeid Liinnot be used in the separation 
of tetauiue, inasmuch as it destroys the poison (Bkieger). 
BocKLiscii has also observed that it destroys the pulson 
fornietl in the putrefaction of fish. 

Tetauine obtained by treating the hydrochloride with 
freshly precipitated moist silver oxide forms u strongly 
alkaline yellow syrup. With alkaloidal reagents it gives 
■ tile same reactions as the hydroohloride, except that it does 
not give a blue color with ierric chloride and potassium 
ferricyanide. It is easily decomposed in acid solution, but 
'i pernianeut in alkaline solution. 

The Htdkochlohide, C,3Hj„N,t>,.2HCI, is deliques- 
cent and is easily soluble in absoUite alcohol. Beside with 
platinum it combines only with phosphomolyhdic acid to 
form an easily soluble cryslalline precipitate, which on the 
addition of ammonium hydrate heconiea white. If, how- 
ever, the hydrochloride is impure, phosphomolyhdic acid 
produces a precipitate which is colored an intense blue by 
I ammonia. Pot aesium- bismuth iodide yields a precipitate 
which is at tirst amorphons, but soon becomes crystEdline. 
' Ferric chloride and potassium ferricyanide produce a slowly 
' developing blue color which probably is due to impurities. 
I When kept for some months the highly poisonous hydro- 
' chloride becomes syrupy, brownish, and wholly inert. 
Examined at this stage, tlie syrup was found, by means of 
f latinum chloride, to contain a substance the hydrochlo- 
ride of which crystallized in plates. This is readily soluble 
in water and alcohol, and melts at 197°, with total decom- 
position, the same as tetanine. Itcombines only with phos- 
phomolyhdic acid to form an easily soluble compound. The 
I platinum salt has the comi>08ition C|;H,^N0j.2HCl.PtClj. 
This substance is non-jK)isonou8 and probably an aniido- 
acid. It is diflerent, however, from leucin and Nencki's 
isomers of leucin, although possessing the same composi- 
tion. It is also isomeric with niydatoxine, C^HuNOj, but 
this is highly poisonous to mice, while tiie former is inert 
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(see jMigc 2o5), Tetanine resembles mytilotoxioc with 
i-csiiect to this loss of toxicity on standing. 

Tbe Pi,ATiNutrHi,()i!ioE, C,3H^N,0,.2HCI.PtCI, (Pt = 
28.33 per cent.), is easily soluble in absolute alwliol from 
which it is precipitated on the addition of ether. From 
uinety-sis per cent, alcohol it crystallizes in dear yellow 
plates. After repeated recirystallization from alcohol and 
drying in vacuo it becomes difficultly soluble in water so 
that it can l>e recry stall izeti from the latter. It decomposes 
at 197°. 

This base produces the eliaraettiriBtic, though probably 
not all the symptoms of tetanus, since we know of at least 
three other toxines (pages l&i, 195) which occur with teta- 
nine in cultures of the tetanus microbe. The symptoms 
induced by relatively lai^ doses in warm-blooded animala, 
as mice, guinea-pigs, and rabbits, exhibit two distinct phaaee. 
In the first, the auinial is thrown into a lethargic paralytio 
condition, then suddenly becomes uneasy, and the respira- 
tion becomes more fre(]uent. This is followed by the second 
phase, in which tonic and clonic convulsions, especially the 
former, predominate till death results. 0.5 gramme has 
but slight action on guiDca-pigs. Small doses do uot 
seem to affect guiuoa-|)igs, while frogs seem to be much 
less sensitive than mice. The characteristic convulsions 
and opisthotonus seen in tetanus iu man arc also produced 
in guinea-pigs on injection of lai^^e doses of this base. Dogs 
and horses seem to be but slightly sensitive to the action of 
this poison. 

A Bask, C,iNjoN,0^, wa,9 Isolated by Guaheschi in 
18S7 from pntrid fibrin. It occurs in the chloroform or 
ether extracts along with the base CmlliaN, and is probably 
ail amido-acid (see page 201). 

A Base, C,Mj,NiO„ was isolatwl by Pouchkt in 1884. 
It is said t» form short, thick prisms wliich become brown 
when ex|)osed to light. 

The Pi.ATi.NOCiimRiDK, (CjH„N,O..HCI)jPtCI„ crys- 
tallizes in prismatic needles which are insoluble in strong 
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TyiMrroxiatN has been obtained in poisonous cheese 
(Vauohan, Wai.t.acr, Wolff), in poisonous ice-cream 
(Vaukhan, Now, Scheareb, Ladd), in poisonous 
niillc (Vadghan, Novy, Newton, Wallace, Firth, 
Schkarer), and in cream-puffs (Stanton). The methods 
of separating this poison and its effect upon animals have 
already been given with suffieient detail. Cheniically, it is 
very instable. When warmed with water to about 90°, it 
deojmposes. Hydrogen sidphide also decomposes it, there- 
fore all attempts to isolate it by precipitation with some 
baae, such as mercury or lead, and then removing the base 
with hydrogen sulphide, have failed. Its unstable char- 
actor is illustrated by the fact that it may disappear 
altogether within twenty-four hours from milk rich in the 
poison which is allowed to stand in an open beaker. 

With potassium hydrate it forms a mmpound which 
agrees in cryatalliue form, ohemieal reactions, and the per 
cent, of potassium which it oontaius, with the compound of 
diazobenzolt! and pDtas.^ium hydrate. This substanco is best 
obtained from milk containing tyrotoxicon as follows : The 
liltered milk, which is acid in reaction, is neutralized with 
sodium carbonate, agitated with an equal volume of ether, 
allowed to stand in a (rtnppered glass cylinder for twenty- 
four hours, the ether removed, and allowed to evaporate 
spontaneously from an open dish. The aqueous residue is 
aoidified with nitric add, then treatetl with an equal volume 
of a saturated solution of potas.'sium hydrate, and the whole 

» concentrated on the water-bath (this compound is nut 
decomposed below 130°). On being heated the mixture 
becomes yellowish-brown, and emits a peculiar aromatic 
odor. On oooliiij^ tlie tyrotoxicon eomjKUiiid forms in 
benutiful, six-sided plates along with the prisms of potas- 
sium nitrate. 

With equal parts of sulphuriu aud carbolic acidw, pure 

C'—~'~-"'—i gives a green coloration, but iu whey the color 
1 yellow to orauge-red. This color reaction may 



270 



UACTKRIAL . 



be used as a preliminary test iu examiDing milk for tyro- 
tuxicou. It is best carried out as follows : Place on a clean 
porcelain siirfece two or three drops eat-h of pure carbolic 
and sulphuric acids. Then add a few drojjs of the aqueous 
solution of the residue left after the spoutaueous evapora- 
tion of the ether. If tyrotoxicon be present, a yellow to 
orange-red coloration will be produced. This test ia to 
be regarded only as a preliminary one, for the coloration 
may be due to the presence of a nitrate or nitrite, or as 
Huston has siiown, to butyric acid. The tyrotoxicon 
must be converted into the potassium compound and puri- 
fied before the absence of nitrate or nitrite can be positively 
dt-monsfcrated. Moreover, the physiological test should 
always be made in testing for tliis poison. 

With platinum chloride in alcoholic solution tyrotoxicoD 
forms a compound which explodes with great violence at 
the temperature of the water-bath. This also corresponds 
with the compound of platinum chloride and diazobeuzole. 

Pure tyrotoxicon is insoluble in ether, and its extraction 
from alkaline solutions by this solvent is due to the pres- 
euee of foreign matter, with which the poison is taken up 
by the ether. 

The physioli^ical action of this ptomaine has been siil- 
ficieutly discussed in a preceding chapter. 

MvDALKisE {iiv6a7.io':, putrid) 18 a poisonous base ob- 
tained in 1885 from putrefying cadaveric organs, liver, 
spleen, etc. (Brieqku, II., 31, 48). Though it is appa- 
rently present on about the seventh day, it is uuobtaiuoble 
until about the third or fourth week. The method for its 
separation from the accompanying bases is given under 
Saprine (page 220), It is liable to occur in the mercuric 
chloride filtrate, as well as in the precipitate, inasmuch as 
the double salt is insoluble only in perfectly absolute alco- 
hol. In order to purify tbe plutinochloride obtained as on 
page 221, it is repeatedly rc(;ryatallized from 8 very small 
(Quantity of lukewarm water. This base has not l>een ob- 
tained in sufficient quantity to jwrmit of a complete deter- 
mination of its comiHisition. It is probably a diamine, 
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contaioiDg four or five carbon atoms, and hence ia nearly 
related to some of the diaoiiues already descrilied. 

The Platinochlokide, on analysis, gave : Ft = 38.74 
= 10.83, H = 3.23. It cryBtallizea in small needles, and 
IB extremely soluble in water. 

The Hydrochloride crystallizes with extreme dif- 
ficulty, even on standing for some time in a desiccator. On 
exposure to the air it rapidly deliqnesces. 

Physiological Action. — Mydaleine has an entirely specific 
action. Small quantities injected into guinea-pigs or 
rabbits produce, atler a short time, a moistening of the 
under lip, and an abundant flow of secretion from the nose 
and eyes. The pupils dilate gradually to maximum, and 
become reactionless ; the ear vessels become strongly in- 
jected, and the body temperature rises 1° to 2°. The hairs 
bristle, and the animal occasionally shudders. Gradually 
the salivation ceases, the respiration and heart-action, which 
were at first hastened, now decrease, the temperature falls, 
the ears become pale, and the animal finally recovers. 
During the action of the poison the animal shows a ten- 
dency to sleep, and the peristaltic action of the intestines is 
heightened. Lai^er doses (0.050 gramme) induce an ex- 
ceedingly violent action, which invariably results in the 
death of the animal. On post-mortem, the heart is found 
to be stopped in diastole, and the intestines and bladder 
Goutraete<i ; otherwise notJiing abnormal is observed. 

A Toxic Base. — From human livere and spleens which 
were decomposing for two weeks in thorough contact with 
air there was isolated, besides cadaverine and putrescine, a 
small quantity of a |)oisonous base (Brikc.bu, II., 29, 48). 
The mercuric chloride precipitate was de™mposed, and the 
hydrochlorides were precipitated by gold chloride (to re- 
move cadaverine, which is soluble), and the anrochloride 
was then changed into the platinum salt, whereby the in- 
soluble putrescine platinochloride was removed. In the 
mother-liquoi-s from the putrescine salt an easily aoluble 
platinum compound was separated, and found to contain 
''' "" [KT cent. I't. It crystallized in fine needles. The 
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hydrochloride formed small, readily deliquescent net 
and did not produce a precipitate in alcoholic platintitir 
chloride. Injecled into guiuea-piga and rahbits it induced 
an exalted peristaltic action of the intestines, which lasted 
several days, and produced in the animals, on account of 
the continuous evacuations, a condition of great weakness. 
Ko disturbance in the functions of the other oi^us was 
observed. 

A Bask was isolaleil from decompo-iiug haddot-l; which 
were exposed for five days during summer in an ojwn irun 
vessel. Bkieuku (I., 42) found in the aqueous mercunV 
chloride precipitate (see page 258) a base the hydrochloride 
of which crystal lined in well-formed, small needles. The 
platinoehloride likewise uryslullized in beautiful needles, 
and gave, on analysis, 36.03 [mlt cent, of Pt; 7.MI ppr cent. 
of N. 

A substance of muscanne-like action was obtained hy 
BiirEQKR (I., 59) from putrefying gelatin, ten days at 
35°, though in i usuRieient quantity to iiermit a determina- 
tion of ita eharaeter. The residue containing this substance 
gave, on distillation with alkali, only ammouia. 



A Bask was ubtaim-d by Rx^KLiSfM (III., 52, 53) from 
herring which hud undergone putrefaction fop twelve days. 
It was found in the distillate, together with trimethylamine 
and dimethylamiae, obtained by distilliug the mercuric 
ehloride filtrate, after the removal of the mercury, with 
sodium hydrate. The platinoehloride was easily soluble, 
and crystallized in large thin plates. On analysis it gave: 
Pt = 28.57, C ^ 22.34, H = 4.06. The hydJw^hloride is 
easily soluble in water, and in absolute uleohol, and l>c- 
sides with platinum gives only with phosphomolylHlic acid 
11 yellow precipitate which is soluble in excess, and with 
ammonia gives an immediate blue (iolor. It Immediately 
reduces a mixture of ferrio chhiride and potassium ferri- 
cyanide with formation of BiTliu blue; aud similarly 
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ultitiuna of gold 



^V throws down iiieliillic gold 
^H eliloride. 

™ From poisLuoiis massfl, Bkieljek (III., 79) oblaiiiod an 
aurochluride of a base crystal! iziug in needlas. The quan- 
tity isolated was iDsufiicieut fur aualyais. It is iuterestiag 
because of its property of inducing salivarion, a symptom 

t which has been observed liy S*.'UM1DTMann and by CitUMi'E 
in some cases of mussel poisoning. 

A Bare was obtained by GnAiinsiHi and M(>ssn(/o(ii'M. 
/(■(')■ praklUckf: Clmm., 28, 508) from fresh l>eef, in the 
alkaline ether extract obtainwi by DiiAGEKnnitPF's methai. 
It formed a yellowish alkaline HiiiH, of unpleasant odor, 
and afler a time gave a deposit of microstsopic crystals. 
The hydrochloride gave the following reactions : Gold chlo- 
ride, yellow crystaih'ne precipitatfl ; platinum chloride, pre- 
cipitate ; potassium ioilide and io(line in hydriodic acid, 
kermes-red precipitate ; phosphotungstio acid, nothing ; 
phosphomolybdic acid, an abundant yellow precipitate ; tan- 
nic acid, heavy, grayiah precipitate, same with Mayrr's 
reagent ; picric acid, yellow precipilafej Marme's reagent, 
precipitate soluble in excess; potassinm bichromate, noth- 
ing ; potassium permanganate and sniphnric acid, violet 
» color ; potassium ferricyanide and ferric chloride, Prussian 
bine precipitate. 
By giving a precipitate with tannin, and not with phos- 
photiingstic acid, it resembles neurine. 

Ch. Gram has studitnl the decomposition of yea.st under 
the iuRuen(% of an infusion of hay. i'iie yeast was allowed 
to putrefy for foui-teen days, and was tlien treattnl with zinc 
sulphate. The latter was precipitated by barium hydrate, 
and the filtrate after the removal of the barium by sul- 

Iphuric atiid, was evaporated to dryness, and extracted with 
absolute alcohol. The alcoholic solution was evaporated, 
and the residue a^in extracted with alcohol. The extrac- 
tion residue was taken ii|) with water, and again subjected to 
: ■ 



■J74 llACTKlilAI. I'OiaONS. 

Tile filtrate was iioisonous, iitid prothiced, in frogs, para 
yais and stuppage of tlie lieart iu diaatolu AdditioD of 
platinum clilunde and alcohol precipitated two bases. One 
of these, altlioii^li poa»esslng a ciirara-like option, did uut 
aReot the heart. Wlien its solution was heated for twenty- 
four hours on the water-hath, it caused geneml paralysis 
and stoppage of the heart. The ptatinochloride contaiiu'd 
38.05 per cent, of platinum. 

The other base also ]X)83essed a slight curara-like action, 
and its platinochloride gave, on analysis, 40.92 and 39.4 
per tent, of platinum. 

Brieoer found a l»asic substance iu small (luantlties in 
cultures of the staphylococcus pyogenes aureus on bouillon 
and beef-broth (II., 74). Tiie hydroclilori<le formed yroujw 
of colorless, non-deliqiiescent needles. With platinum 
chloride it yielded a double salt, crystallizing in needh's, 
aud containing 32.93 per ceut. of Pt. For its reactions, 
sec Table I. 

From aqueous as well as alcoholic sol uttoos of cultures of 
staphylococcus aureus Leber (1888) isolated a crystalline 
substance which he named phlogosine. Tiie composition 
of this substance is not known. It does not seem to con- 
tain nitrogen, and inasmuch as it blackens silver it prob- 
ably contains sulphur. It ciystallizes in line needles which 
are soluble in etlier and iu alcohol; difficultly soluble iu 
water. It sublimes in needles. Alkalies precipitate it as 
amorphous yellow floccules which are soluble iu acid and 
then can be recrystallized. With potassium ferricyanide 
and ferric chloride it yields a blue color, and with jwtassio- 
mercuric, cadniic, and bismuth iodides precipitates which 
are soluble in excess. No precipitate is produced by gold 
or platinum chlorides, phosphotungstic or molybdic, tan- 
nic or picric acids. 

A small quantity applied to the conjunctiva produces 
intense inHammation, suppuration, and necrosis. Intro- 
duced into the anterior chamber it iuduoes intense suppura- 
tion and keratitis. The substancti is entirely <liatinet from 
the base obtained by Briegek, described above. 
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A Base — boiling point about 284° — was obtaJQed by 
Briefer (II., 61) from human livers and spleens wliii-h 
were putrefyin}!; for two to three weeks. It occurs in the 
raercnric chloride filtrate, aa described under Saprine, page 
220, t<^ether with some mydaleine, trimethylamine, and 
hydrocarbons. The filtrate, after the mercury is removed 
by hydrogen sulphide, is evaporated to dryness, and finally 
the last traces of water are removed in a vacuum. The 
residue b then treated with absolute alcohol, and from this 
alcoholic solution the raydaleiue is precipitated by the addi- 
tion of alcoholic mercuric chloride. The trimethylamine 
is sejiarated by distillation of the alkaline filtrate, previously 
deprived of its mercury by hydrogen sulphide ; while the 
mother-liquor yields au oily mixture of hydrocarbons and 
bases. The latter were separated by fractional distillation, 
whereby only one of the bases was obtained in sufficient 
quantity for study. It boiled at about 284°, and gave 
with bydrocLloric acid, on evaporation, a salt crystallizing 
in beautiful, long needles, which were very easily soluble 
in perfectly absolute alcohol. With gold chloride and picric 
acid it gave only oily products; with ferric chloride and 
jrotassium ferricyanide, au intense blue; with platinum 
chloride, an extremely easily soluble double salt, which 
appeared under the microscope in the form of very fine 
needles, while from alcohol-ether the double salt slowly 
separated in thin plates which contained -30.-36 per cent, of 
platinum. The free base showed a slight fluorescence. It 
is not poisonous, and, according to BRiSMiER, is probably 
a pyridine derivative. 

Other nuu-poisonouM bases were present in very small 
quantity in the mother-liquor described above, after the 
separation of the oily mixture, 

I'EFroTOXiXK. — By this name BitiEGim (I., 14-1&) has 
designated a poisonous base which he has tbuud in sume 
peptones, and lienee in the digestion of fibrin ; in putre- 
fying albuminou.s substances, such as fibrin, casein, brain, 
^ liver, and muscles. It is a well-known fact that animal 
^L tissues, in the early stages of putrefaction, possess strong 
^B toxic prui>erties, even before the decomposition could have 
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atlvauced tar enoiigli tu cll'eut u .splitLiu^-up of the pmb'td 
and carbohydrate miik'cules. Bkieue:ic and otlieru have 
tried to seek au explanation of tliis toxicity by connecting 
it with an early peptonlzatton of the proteids brought about 
by the action of fernienta which are distributed throughout 
the tissues, and which begin their activity immediately after 
death. This poison has not been definitely isolated, but its 
general properties . and action have been studied by 
BrtiEQER and Salkowski. The former prepared it by 
digesting fibrin for twenty-four hours with gastric juice at 
the tenij>erature of the blood. The j»erfectly fresh peptone 
tlius obtained was evaporated to a syrupy residue, and this 
was then extracted with boiling alcohol. The residue left 
on evaporation of the alcoholic solution was digested for 
some time with amyl alcohol, which on subsequent evajjor- 
ation gave amorphous brownish masses. Tliis extra<!t can 
then be puritied by neutral lead awtate. The liltrate, after 
the removal of the lead by hydrogen sulphi<le, is repeat- 
edly extracted with ether, then evajjorated to dryness, and 
extracted as before, with amyl alcohol. This final extract 
is eva[Hirated t4) drive off the alcohol, taken up with water, 
and filtered. The colorless aqueous solution thu.s obtained 
contains the jioisuuous substance, which, however, can only 
with extreme difficulty be brought to crystallization in 
vacuo. 

This poison, when in its purest condition, as showu bv 
its failure to give the biuret reaction, possesses a neutral 
reaction. Its behavior to Millon's reagent is quite charac- 
teristic: it gives a white precipitate, which on boiling 
becomes intensely red. From this raiction, BniEfJEii is 
inclined to regard this substance as a hydroxyl or an 
amido-derivative of benzole. The ptomaine can be ex- 
tracted from acid as well a,s alkaline solution by amyl 
alcohol — more difficult in the cold than on heating. It 
is alisohitely insoluble in ether, benzol, and chlorotbrm ; 
very soluble in water. It is mit destroyed by bolliug, by 
passing hydrogen sulphide, or by strong alkalies; but is 
destroyed, however, when the putrefaction lasts longer 
than eight days. For iIm l)ehavior to rt'agenis, set' 
Table I. 
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Various observers have showu that peptoue p 
i toxic action, and some have been led to regard this toxicity 
I as not due to the peptone itself, but rather to the presence 
I of this OP some other ptomaine. At least Bribobr found 
e specimen of dry Witte's peptone to be perfectly harm- 
' less; whereas, the freah peptone formed by fibrin digestion 
sssed strong toxic powers. Moreover, this non- 
moMB peptone when exposed to the action of gastric 
[ juice was found to yield the poisonous substance. The 
poisoDous natui'e of proteids aud the physiological action 
of this base will be described later. 

Pyocyaninb, C[jHijNOj, is the coloring matter of blue 
pus, and is producal by the action of bacillus pyocyaneus. 
It was isolated by Leddbrhose (1887) aud is said to be an 
anthracene derivative. On contact with the air it is oxidized 
topyoxanthoae, a yellow substance. According to KoNZ 
it contains nitrogen and sulphur. The picratc is of a dark 
reddish-brown color; the platinum salt is black and some- 
times is obtained as glittering fine goldeu needles. 
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HACTERIA 


L P0130N3. 


1 




Tablb of 


Ptomaines. 




F^UU. 


»™. 


DlKOTenr, 




B,M 




Bockllwh. 


N™-i»i»m,u,. 


o,a,H 


DlmethjtimiDa. 


Brieg.r. 




C,H,S 


TrlmettajlunlD*. 


SOHLlgnu. 




0,H,N 


ai»nDlii«(I). 


Knni. 




0,H,N 




tl«K. 




O.H„N 


Diettijl«i.lB8. 


BockUich. 




C.H„S 




Bri-ger. 




C,H,N 


Ptopjluolna. 






C. H„N 






PalnnooX!). ^^^H 


C, H„N (T) 




Bri8g«r. 


P.i»a.». ^H 


C, H„N 


AmjInmiDa. 






C,H„S 


H«).UDilne. 






C,H„N 


tll-bjilraliiUdiiH. 


CinitiorAMnBrgna^ 




0. H„N 


0.1Udln8(?). 






0,H„N 


Pjtidine 1»hK?). 


0. de CuniDFk. 




C,B„-S 






Poi».»o.. ^H 


C,Hi,N 


PgrvpliMl?!. 






CioHiiN 




OaarHcblsiidUowo. 


PulSOUUtlB. ^^^1 


C,oH„N 


Pjrridlne b«e(?). 






C„H„S 


BrilrDcoridln9(I]. 


GrlffllliiL 




C.H.N 








C,HeK, 








CsHsNj 








C^HuN, 






Not Tar; poitonoui. 


Cs H„N^ 


CBdnirlne. 






Ci H„Ns 








C. Hi.S, 


S«prid«. 






C, H.„N, 








CwH«N5[?) 




Nory. 


'^r*- ^1 


O.H,N, 


Methjl-gMnldfne. 


Bri.g«r. 




Oii^nN, 




0«ut ior * MoiirgBM. 


Ditintifl, eM. ^^1 


C,.H„N. 








0„H„N, 




ftmlfwKBdEterd. 




0»H„N, 








(t H„S 


NonrinB. 


Btleger. 




0, HnN 


Mjdiiio. 




Non-[K>t„n<n»^^H 


Cs H,iN 0, 




B, and H. SalkowBkl 




C. H,sN 0, 


Choline. 


BriBBer. 




C, H„N Oi 








f,H„NO, 


rnn.med. 


Brieger, 1888. 






MjtUoloilno. 


Bricgor. 


Pulnonao.. ^^^| 




priwnon, -hict, piBK, 


asdocWodloHcHj. ' 
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Tablb op FTOUAiSEa—Cbntinued. 



Formnla. 


Kame. 


Diflcoyerer. 


Phyiiologlcal action.^ 


C, H„N 0, 


Oadiniae. 


Brieger. 


PoiiononB. 


C, H„N 0, 


Typhotozine. 


(i 


II 


Ct H„N 0, 


Unnamed. 


<i 


« 


C14H14N Oa 


Pyocyanine. 


Ledderhoee. 


Kon-poiflonoos. 


Cj HuN 0, 


Betaine. * 


Brieger. 


II 


C5 HuN Os 


Mnfcarine. 


II 


Poisonoui. 


C» Hi,N O3 


Morrhulc acid. 


Oantler & Monrgnei. 




C5 Hi,NA 


Unnamed. 


Ponchet. 


Poisonoui. 


C18H30NJO4 


Tetanine. 


Brieger. 


«< 


Ci4HaoN,04 


Unnamed. 


Qnareschi. 




Ct HjgNaOe 


II 

u 


Ponchet. 
II 


Polsonons. 
i( 




Tyrotozicon. 


Yanghan. 


II 




My dale! ne. 


Brieger. 


II 




Spasmotoxine. 


«4 


II 




A diamine(?). 


" (tetunus cult.) 


II 




Peptotozine. 


It 


«« 




Phlogosine. 


Leber. 


Inflammatory. 



1 Only those baies are here denoted a« poisononi which poaBess a decided tozicity. 



CHAPTER XIT. 

CHEStlSTKY OF THE r.EDCOUAlNES. 

Under this head are classed those basic substances whicli 
are found in the living tissues, either as the products of 
fermentative <:hanges or of retrograde metamorphosis. 
Most of these subatanfes have already been known for 
many years, though their real significance as alkaloidal 
bodies, and their relation to the fiinc-tional activities of the 
animal organism have been but little understood, or rather 
tliey have not been brought together under the leading 
conception that they are alkaloidal products of physiologi- 
cal ciiange. The first attempt at the syBtematic study and 
generalization of these basic substances was made by 
Gautier, who applied to tliem tlie name leucomaines, a 
terra derived from the Greek S^'jru/io, signifying white of 
eggs. Under this name he includes all those basic sub- 
stances which are formed in animal tisanes during normal 
life, in contradistinction to the ptoma'ines or basic products 
of putrefaction. The distinction between vegetable and 
animal alkaloids is not very well defined, and, in fact, there 
seem to be reasons for considering their formation as due 
to the same causes which bear an intimate relation to the 
physiology of the cells and tissues of both kingdoms. 
Thus, vegetable tissues are known to contain not only 
definite ptomaines, such as choline, but also leucoma'ines, as 
hypoxanthine, xanthine, etc. Indeed, in this latter group 
must be placed, on account of their relation to xanthine, 
those well-defined alkaloidal bases, cafibine and theobro- 
mine. Not only are the representatives of these two 
divisions of basic substances common to both kingdoms, 
but their parent bodies, lecithin, nuclein, etc., are known 
to occur in both, thus giving rise to tlie same bases on 
decomposition. 
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So ftr as the gcnpais of most of tlie leucomainea is 
concerned, we know very little, though GrAXTTlER is of the 
belief that they are being formed continuously and inixs- 
santly in the animal tissues side by side with the forma- 
tion of urea aud carbonie acid and at the expense of the 
nitrogenous elements. It is quite probable, as Kossel has 
pointed out, that some of these products are in themselves 
antecedents of end-products of metabolism. This is unques- 
tionably true of the imido group, which exists in the ade- 
nine and guanine molecules, and through vital or putre- 
factive processes is split off, giving rise to ammonia, which 
in turn serves to form urea and uric acid. Bouchard has 
sought an explanation of the presenoe of these bases in the 
urine, by supposing that they were originally formed in 
the intestinal tract, from which they were absorbed into the 
system, to be subsequently eliminated by the kidneys. This 
view has also been brought forward by Scbah (1 886), who 
holds that these bases, which may be formed by putrefactive 
changes in the intestinal tract, are absorbed into the circu- 
latory system, whence they may be partly eliminated by 
the kidneys or may be partly deposited in the tissues them- 
selves. 

The views of Bouchard and Schar have, to a certain 
extent, been confirmed by the investigations of Udranszky 
and Baumann, who showed that the well-known ptomaines, 
cadaverine and putreecine, occur in the urine in cystinuria, 
and are formed by putrefiictive changes induced in the in- 
testinal tract probably by specific mlerooi^anisms. Under 
this same head fall the recent observations of Wolkow 
and Baumann, that alkapton is produced from tvrosin by 
similar changes in the int^tines. The origin of the true 
leucoma'ines cannot, however, be accounted for in this 
manner, for they are indissolubly connected with the meta- 
bolism of the cell itself, and are, therefore, formed in the 
tissues and organs proper, especially those rich in nucleated 
cells. 

Another source of the nitrt^enous bases must not be 
lost sight of, and that is protoplasm itself. The researches 
o{ Drbchsbl, SrEGPRiED, and Schulze have sliown that 
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nitrogPQOUs bases do result from the decomposition of 
animal and vt^-table proteida (see p. 242). 

The leueoiiiames proper can be divided into two distinct 
and well-definod {groups : (1) the Uric Acid Group, and 
(2) the Creatinine Group. 

The first of these divisions contains a number of well- 
known bases wliieh are closely related to uric acid. 



order in wliic 



1 they will be described is as fo 


Adenine, 


C,H,N,. 


Hypoxantbine, 

Guanine, 

Xanthine, 


C.H.N.O. 
C.H.N.O. 
C.H.N.O,. 


(Uric Acid, 
HeteTOxan thine, 
Paraxaathine, 


O.H.N.O,.) 
C,H,N.O.. 
C,H,N,0,. 


Carnine, 


CHNO. 


Pseudoxantbine, 

Gerontine, 

Spermine, 


C.H.N,0. 
C.H,.N,. 
C,H.N(?). 



follows : 




i 



The members of the second group have all 1 
covered by Gautfee, and by him are r^arded as allied 
to creatine and creatinine. These two substan«!es, t-specially 
the latter, have been hitherto regarded as strongly basic in 
character, but Salkowski has recently shown that creati- 
nine, when perfectly pure, possLSScs littlu or no alkaline 
reaction, and, moreover, does not combine with acids. T he 
bases in this group are : 

(Creatinme, C,H,N,0.) 

(Creatine, C.H.Np,.) 

Cruso-creatinine, CjHgN,0. 
Xantho-creatinine, CjH,dN,0. 

Amphi-creatine, CpHuNjO,. 

Base, Ci,HjjN,oOs. 

Base, CuHj,NjjO,. 

Besides these two general classes of leucomaineB, ti 
niav be made a tliird class of undetermined 1 
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embracing those Ijases wliich have been observed, but 
studied more or less incompletely, in the various physio- 
logical secretions of the body. 

LeucomaInes op the Uric Acid Group. 

Adeni\B| CjH^Kj, whifji was disco veraJ by Kossel in 
1885, forms the simplest member of the uric aoid group of 
leueomaines, and as such it deserves Special attention, inas- 
mucli as it shows most clearly tho relation that exists 
between hydrocyanic acid and tlie members of this group. 
This base is apparently formed by the polymerization of 
hydrocyanic acid — a view that ia confirmed, at least in 
part, by the fact that on heating with potassium hydrate 
to 200°, it yields a large quantity of potassium cyanide. 
Moreover, by the action of reducing agejits, it is converted 
into a substance similar to, if not identical with, azulmic 
acid. It has not been prepared synthetically, though 
Gautibr has claimed to have synthesized two closely re- 
lated bodies, xanthine and methyl-xantblne, by simple 
heating of hydrocyanic acid in a sealed tube in contact with 
water and a little acetic acid. 

This base was first prepared from pancreatic glands — 
hence tlie term adenine, which is derived from the Greek 
word oJ^. meaning a gland. It has since been shown to 
octiir together with guanine, hypoxanthine, etc., as a 
decomposition-product of nuclein, and, therefore, it may 
be ols^ined from all tissues and oi^ans, imimal or vege- 
table, rich in nucleated cells. Accordingly, it has been 
found in the kidneys, spleen, pancreatic, thymus and lym- 
phatic glands, in beer-yeast, in spermatic fluids, but not in I 
testicles of tlie steer ; ocL'urs also in tea-leaves. In the latter i 
adenine appears to exist in a preformed condition, since it can 
be extracted without the use of acid reagents. The tliymus 1 
gland, as a prototype of embryonic, highly cellular tissue, " 
yields, a considerable amount of adenine ; that from a calf, j 
for instance, was found by Sculndleb to contain 0.18 per J 
cent. It has also lieen ohwrvwl in the liver and urine of |' 
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leuoocythEemic patients ; its owmrrejio? in this diseaso will 
be readily understood when it is remembenHl that leiitwy- 
thcemia is characterized hy the- prcsonco in the lilood of an 
iiniiaual proportion of the nucleated white blood-corpuscles, 
which, owing to various unfavorable con<litiona, bwome de- 
stroyed in time, and the contained nuclein, as a result, 
splits up into adenine and guanine. These two bases may, 
therefore, be expected in all pathologital conditions where 
there is an abnormal accumulation of pus. Indeed, as early 
SB 1865, Naunyn extracted from pus, obtained from the 
pleural cavity, a considerable quantity of a sulretance 
which was probably either adenine or guanine, or both. 
Adenine does not occur, or only in minute traces, in meat 
extract; and in this it resembles guanine, which is present 
only in traces. This may be due to the fitct that adenine 
ana guanine are readily converted into hypoxanthine and 
xanthine respectively, as has been shown in the putrefaction 
experiments of SCHINDLER. They may be (wnsidered as 
transitional products of eel I -metabolism, the iraido group 
contained in each readily being replaced by oxygen, and 
giving rise to ammonia, and this in turn to urea. Kossel, 
however, explains this fact on the ground that the muscle 
tissue is very poor in nucleated cells, i. <■., in nuclein. It 
would seem that the muscle cell in losing the morphological 
charaeter of a cell has also suffered a corresponding loss in 
its chemical properties. For while the decomposition- 
products of nuclein — hypoxanthine, xanthine, phosphoric 
acid, etc. — are found in the muscle tissue, they do not exist 
in combination as they do in the nuclein molecules. This is 
seen in the fact that the bases exist in the free condition, 
since they can be extracted by water ; and again, the phos- 
phoric acid is present in the musetc tissue, not in organic 
combination, but as a salt. In the niielcated cell, adenine, 
guanine, etc., do not exist in the free condition, but form, 
in part at least, with albumin and phosphoric acid, a loose 
combination which is readily decomposed by the avtion of 
acids at the boiling temperature. This same change takoe 
place spontaneously after death. 

There can be no doubt that adenine and guanine play an 
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important part in the physiological function oi' the cell 
nnclens, which, from i-ecent observations, appears to be 
necessary to the formation and building up of organic 
matter. It is now known that non-nucleated cells, though 
capable of living, are not capable of reproduction, we 
must look, therefore, to the nucleus as the seat of the 
fimctional activity of the cell — indeed, of the entire organ- 
ism, Nuclein, the parent substance of adenine and guanine, 
is the best known and probably most important constituent 
'of the nucleus, and as such it has been already credited 
with a direct relation to tlie reproductive powers of the 
cell. This chemical view has recently been confirmed by 
Zachariab, wJio showed that chromatin of histologiats is 
identical with nuclcin. Liebermann has questioned n«- 
clein aa being tlie source of xanthine compounds, but in 
this he is not supported by the muss of evidence. 

The method employed by Kossel for the preparation 
of adenine, is as tbllows : The finely divided pancreatic 
glands are heated to boiling, for three or four hours, with a 
large quantity of dilute sulphuric acid (0..5 per cent, by 
volume of concentrated acicf), and the acid solution thus 
obtained is treated with a slight excess of hot concentrated 
baryta water. The excess of baryta is removed by carbonic 
acid, and the solution is then filtered ; the filtrate is con- 
centrated to a small bulk, about 100 c.c, rendered alkaline 
with ammonium hydrate, and finally precipitated with an 
ammoniacal solution of silver niti-ate. The precipitate, 
consisting of the silver compound of the xanthine bodies, 
is partiaJly dried by spreading over porous porcelain 
plates ; then dissolved in warm nitric acid of specific 
gravity 1.1, to which a little urea has licen added to pre- 
vent the formation of hypoxauthine should traces of nitrous 
acid be present. The filtered acid solution, treated with 
silver nitrate, on cooling, gives a deposit of tlie silver 
salts of hypoxanthine, guanine, and adenine, which is fil- 
tered oft and thoroughly waslied. The adenine separates 
out almost quantitatively if a little silver nitrate solution 
is added. The filtrate contains any xanthine silver com- 
pound tliat may Ix' present. Tlie waslieil prei.'ipitiitc of the 
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silver salts is suspended in water, nitric acid added, decom- 
posed with hydrogen sulphide (ammonium sulphide, or, 
better, hydrochloric acid, may Ije used), and the clear filtrate 
is concentrated on the water-bath to a small volume. It is 
then saturated with ammonium hydrate and digested on the 
water-bath for some time, whereby adenine and hypoxan- 
thine go into solution, while the guanine remains undis- 
solved (see p. 287). From the ammoniacal solution on 
partial concentration and subsequent cooling, the adenine 
crystallizes out first, whereas the more soluble hypoxanthine 
remains in solution. If the adenine is still coloi-ed it can 
be purified by dissolving in water and boiling with animal 
charcoal. The hot aqueous solution is then rendered very 
slightly alkaline with ammonium hydrate and allowed to 
cool ; adenine crystallizes out, and can be atill further puri- 
fied by re<.rystaliization from water. 

Ammonium sulphide has been employed by Schindleb, 
in place of hydrogen sulphide, in decomposing the silver 
compounds of the above bases. Brdhms recommends in- 
stead warming with very dilute hydrochloric acid, espe- 
cially if guanine is present. The solution can then be 
neutralized with NallCOj, using methyl-orange as indi- 
cator, and the adenine separated from hypoxanthine by the 
picric acid method described below. 

Another metliod for the separation of adenine from 
hypoxanthine is based upon the behavior of the nitrates 
of these bases in aqueous solution. From concentrated 
aqueous solutions of uie nitrates, free hypoxanthine crystal- 
lizes out first, because the nitrate is decomposed ; whereas, 
adenine, which ia a stronger base, remains in combination 
with the acid, in solution. 

ScHiNDLER determines adenine and hypoxanthine indi- 
rectly. The ammoniacal solution which is filtei-ed from the 
insoluble guanine is evaporated to dryness on a weighed 
platinum dish, dried at 110°, and weighed. A nitrogen 
determination ia now made of the mixed bases and trom 
these data the proportion of eadi is calculated. 

By far the beat method for tlie quantitative separation of 
line and hypoxanthine ia the picrate method of Bbuhhs. 
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The aolution of the salts of the bases, preferably as nitrat<f8 
or sulphates, must be neutral or faintly acid ; excess of 
alkali or acid interferes. Such a solution can be obtained 
by evaporating the filtrate from the guanine in Kossel's 
method (page 286), aad dissolving tlie residue in nitric 
acid ; this is neutralized with sodium carbonate, using 
methyl-orange as indicator. On the addition of exceBS of 
sodium picrate the adenine ia thrown do\vn as a clear yel- 
low flocculent precipitate. If the precipitation is made at 
the boiling temperature, on cooling the adenine salt sepa- 
rates in a crystaUine condition and is more easily filteretl 
aud washed. After standing fifteen minutes the preeipitate 
ia filtered off by the aid of a suction-pump on a weighed 
filter, washed with cold water, and dried at 100°. As a 
correction for the solubility of tlie adenine picrate, 2.4 mg, 
per 100 CO. filtrate can be added to the calculated amount 
of adenine. 

The hypoxanthine picrate is very soluble, and, therefore, 
remains in solution. In this it is estimated according to 
the method described on page 302, 

Adenine, when crystallized from warm or impure solu- 
tions, is obtained either as an amorphous substance, pearly 
plates, or in the form of very small microscopic nwdles ; 
from dilute cold solutions it separates in long, ncedle-slmjiol 
crystals containing three molecules of water. This water 
of crystallization is lost on exposure to the air or on heating 
to 53°, and the crystals become opaque. It is soluble in 
about 1086 parts of water at the ordinary temperature ; 
more easily in hot water, from which, on cooling, it recrys- 
tallizes. The aqueous solution possesses a neutral reaction. 
The free base is insoluble in ether, chloroform, and alcohol ; 
soluble in glacial acetic acid, and somewhat in hot alcohol. 
It dissolves readily in mineral adds, yielding well-crystal- 
lizable salts. The fixed alkalies dissolve it with case, but 

Ion neutralization of the solution it is reprecjpitated In 
aqueous ammonium hydrate it is more readily soluble thi 
guanine {which is insoluble, Schinbleb), and more dif 
eultly soluble than hypoxanthine — a fact which is made ii 
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of to effect a separation froni these bjiacs. It is but slightly 
soluble in sodium carbonate. 

Adenine can he heated to 278° without iiielting ; at this 
temperature it hecomea slightly yellow, and yields a white 
sublimate. It can be completely volatilized without decom- 
position, by heating on an oil-bath to 220° ; the sublimate 
consists of pure, wliitc, plumose needlea of adenine, but at 
250° partial decomposition oceure, and some hydrocyanic 
acid forms. When iieated witlj potassium hydrate to 200° 
on an oil-bath, it yields a considerable qniintity of potas- 
siura cyanide. Adenine is quite indifferent to the action of 
acids, alkalies, and even oxitiizing agents. Thus, it may bt 
boiled for hours with baryta, potash, op hydrochloric acid, 
without suffering decomposition. But when heated with 
dilute hydrochloric acid, or concentrated hydriodic acid, 
in a sealed tulie at a temperature exceeding 100°, adenine 
is completely decomposed, with formation of carbonic acid 
and ammouia : 

CjHjN, -f 5H,0 + 50 = SCO, + 5NH,. 

The free base, as well as benzoyl -adenine, is unaffected by 
the weak oxidizing action of potassium permanganate, but 
on stronger oxidation it is wholly destroyed. Bromine water 
produces in aqueous solutions of adenine an oily precipitate, 
which, on contact with potassium hydrate or ammonia, gives 
a lieautiful red or violet color. Sodium amalgam and zinc 
chloride appear to have no action; but on boiling witli-zinc 
and hydrochloric acid it yields a very unstable reduction- 
product, which in the presence of oxygen first assumes a red 
color, and finally throws down a reddish-brown precipitate. 
This brown substance appears to be Identical with azulmie 
acid, which has been known for a long time as a product of 
the polymerization of hydrocyanic acid. 

When adenine is evaporated on the water-bath with dilute 
or turning nitric acid, it gives a white residue which fails to 
give any coloration with sodium, ammonium, or barium 
hydrate. Similarly, it does not give the so-called Weidel's 
reaction (murexide test) on evaporation with chlorine water 
and exposure of the residue to an ammoniacal atmosphere. 
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In this respect, it resembles iiypoxanthine, which, when 
pure, dot'B not answer to either of these tests. Another test 
tor adenine, which, however, is given also by hypoxanthine 
but not by guanine and caffeine, is as follows : The sub- 
staaee to be tested is digested for half an hour with zinc 
and hydrochloric acid in a test-tube on the water-bath. If 
adenine is present, the solution will assume on standing, 
more rapidly on shaking, a ruby-red coloration, which later 
on turns into a brownish-red. This reaction depends upon 
the formation of a reduction -product, which, owing to its 
unstable nature, is soon oxidized by the oxygen of the 
atmosphere into a brownish, amorphous substance, appa- 
rently identical with azulmic acid. 

On treatment with nitrous acid, it is converted into hypo- 
xanthine according to the equation : 

C,H,N, + HNOj = C,H,N.O -|- N, + H,0. 

This formation of hypoxan thine from adenine is analogous 
to Strecker's transformation of guanine into xanthine by 
a similar action of nitrous acid (see Guanine). In both 
cases the change of a highly nitrogenized into a less nitro- 
genized body is accomplished by replacing an NH group 
by O, or, more exactly, of an NHj group by OH. In fact, 
the change is identical with that seen in the conversion 
of primary amines into primary alcohols. Thus, 

C,H,.NH, + HNO, = C,H,OH -|- N, +H,0. 



In the extraction of adenine from the mother-liquors of 
tea-leaves after removal of caifeine, if urea is not added to 
the nitric acid, nearly one-half of the adenine may be con- 
verted into hypoxanthine. By processes of putrefaction 
adenine is converted into hypoxanthine and guanine into 
xanthine (Schindler), The change is, therefore, some- 
^ what analogous to tliat produced by nitrons acid. Adenine 
H undei^oes this decomposition much more rapidly than the 
H other xanthine compounds. 

H The ease with wnieh adenino and guanine arc reduced 
H outside of tiic organism shows that similar changes may take 
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place within the cell-nucleus proper. For we know that 
every cell is endowed with an enormous reducing power, 
and hence it is not difficult to see how the oxygen-free 
tidenine can be readily converted into a body or bodies 
which greedily take up oxygen. We must, therefore, look 
upon adenine and guanine not only aa the antecedents of 
hypoxantliine and xanthine, but also as intermediate pro- 
ducts which, when they form in the cell, may give rise to 
important chemical processes, especially those oi a synthetic 
nature. It is highly probable that the study of the decom- 
position-products of nuclein will explain to us many of the 
metaljolic changes in the oi^nism, and throw additional 
light upon the migration of the amido group from the 
proteid molecule to the amido acids and urea derivatives. 
Thus, the formation of xantiiine from guanine represents 
the conversion of a guanidine residue into a urea rtsidue. 
A similar change is undoubtedly effected in the transforma- 
tion of adenine into hypoxantliine. 

Adenine unites witli bases, acids, and salts. The salts 
of adenine with mineral acids can be recryatallized, thus 
differing from the corresponding salts of guanine and hypo- 
xanthine, which are dissociated by the action of water, 
The solutions of the salts, however, show an acid reaction 
to litmus but not to methyl-orange. 

The hydrochloride, CjHjNs.HCl -f- JH,0, forms color- 
less, transparent, strongly refi^'ting tTystals. One part of 
the anhydrous salt is soluble in 41.9 parts of cold water. 
M ieroscopically it is distinct from that of hypoxantliine and 
aden ine-hy poxanth i ne. 

The nitrate, C.H.Nj.HNOj -|- ^Hfi, crystallizes trom 
the aqueous solution in fine, stellate needlra. One part of 
the dry salt dissolves in 110. 6 parts of wateT. 

The sulphate, (C.H^NJ^-HjSO, + 2H,0, can be obtained 
from the aqueous sohition in two different crystalline forms. 
This may possibly be due to the presence of adeniue-hypo- 
xanthine compound (Bruhns). It is easily soluble in hot 
water, and at the ordinary temperature it is soluble in 153 
parts of water. 

The oxalate, CjHjNj.CjHjO. -1- H,0, is obtained by dis- 



I 



» 



CHEMISTRY OF THE LEUCOMAIKES. 291 

solving adenine in hot, dilute, aqueous oxalic acid, from 
which solution, on cooling, it separates aa a voluminous, 
difBcultly soluble precipitate of roundish masses which are 
composed of long, delicate needlea. The oxalates of guanine, 
hypoxanthlne, and xanthine are more easily soluble than 
that of adenine, and exhibit, moreover, a diflcrent appear- 
ance. 

The picrate, C^H^j-CgH/NOOaOH + H,0, is thrown 
down aa a bright yellow flooailent precipitate, when aqueous 
solutions of adenine salts are treat«l with sodium picrate. 
Reerystallized from hot water it forms bright-yellow, very 
voluminous bunches of long fine needles, which, on drying, 
acquire a silky lustre and form a Mted mass. It is diffi- 
™ltly soluble in cold water (1 : 8500) ; more readily in hot 
water and in alcohol (96 per cent.) ; is insoluble in dilute 
acids. The water of crystallization is not lost on exposure 
to air but is driven oif at 100" ; the salt then remains un- 
changed even at 220". A cold conwntrated aqueous solu- 
tion of the salt treated with one-tt'nth its volimie of cold con- 
centrated solution of Bodium picrate produces a precipitate 
of short fine needles consistingof most of the adenine picrate 
(five-aevenths). The sohibility of the pitTate can thus be 
Tsduced to as low as 1 : 13750, and on tliis fact is based the 
quantitative method of Bruhns. The salt can also be 
obtained in its charat'teristic groups by combining cold 
saturated aqueous adenine solution (1 : 1086) with picric 
acid ; with sodium picrate, however, adenine gives no pre- 
cipitate, since the picrate is soluble in an equivalent quan- 
tity of sodium hj^rate. ThiM is explained Kossel's 
statement that adenine forms an easily soluble compound 
with picric acid. Heated ou a platinum foil it burns slowly 
and leaves wnaiderable carbon residue. The very bright 
yellow color of the salt scrvra to distinguish it from most 
of the other picrates, especially guanine picrate. 

The platinochJoride, (C„H,Nj.nCl)jPtClj, crystallizes 
from dilute aqueous solution in small yellow needles. The 
concentrated aqueous solution of this salt, when boiled for 
time, deramposes, with the B^paratiou of a clear, 
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yellow powder, which is but siitrlitly soluble in cold water, 
and has the composition t'sHjNj.HCl.PtCl.. 

The aurochloride, on fva|)(iration, yields very oharao- 
teristic fornjB. 

The silver salt of adenine, OjHjAgNj, is formed when 
silver nitrate is added in inoleeiilar proportion to a boiling 
ammoniacal solution of adenine. An excess of silver 
nitrate produces, in the cold, the compound CjHjAg^j 4" J 
HjO, which is converted slowly in the cold, immediately a 
warming, into the other salt, according to the equation : 

2(C,H,Ag,N, + H,0) = 2C,H.AgN, + Ag,0 + H^O. 

Owing to tin's instability the two coniponnds are always 
found together in varying proportion. Both are difficultly 
soluble in water, and ammonia even at the boiling-point. 
The precipitation of adenine by an ammonical silver solu- 
tion is complete, and is therefore available for quantitative 
estimation. 

Adenine silver nitrate, CjHjNj.AgNOj, (Ag = 35.4 per 
cent), corresponds to the similar hypoxanthine and guanine 
salts. It is obtained by dissolving the above silver com- 
pounds in hot nitric acid ; and from this solution, on cool- 
ing, it separates in needle-shaped crystals, which are not 
permanent. This lack of stability, as compared witli the 
permanent hypoxanthine silver nitrate, was first pointed 
out by KosBEL, and was thought to Ite due to loss of nitric 
acid in washing, and also by neating at 100°. Bruhsb, 
however, has shown that the acidity of the wash-water is 
indicated by litmus, but not by methyl-orange, which is 
not colored red by silver nitrate. The reaction is, there- 
fore, due not to free nitric acid, but to silver nitrate. It 
would seem that adenine, as .well as hypoxanthine, and pos- 
sibly xanthine, form silver compounds' containing one and 
two molecules of silver nitrate ; the greater the quantity of 
silver nitrate used the higher is the per cent, of silver, i.e., 
the more of the latter compound is formed. These are very 
unstable, and arc decomposed by dilute nitric acid, more so 
by water, into silver nitrate and the compound contain!]^ 
one molecule of silver nitrate, We have in this behavior 
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an interesting case of mass-action and chemical equilibrium 
between adenine, silver nitrate, nitric acid and water, 
Ammoninm hydrate removes the nitric acid from this as 
easiiy as from the hypoxanthine compound, and there is 
formed, according to the composition of" the original salt, a 
varying mixture of CjH^AgNj and CjHjAgjNj + H^O. 
The solubility in nitric add is about the same as that of 
hypoxanthine silver nitrate. . 

Adenine silver picrate, C5H:,Ag?f,.C,Hj(NOj)30H + 
HjO, ia obtained as an amorphous voluminous yellow pre- 
cipitate when silver nitrate is added to a cold aqueous solu- 
tion of adenine picrate. If the latter solution is previously 
raised to the boiling-point the precipitate then soon becomes 
crystalline and rapidly subsides. The adenine can thus be 
almost wholly removed from solution. The crystalline 
form loses its water of crystallization at 120°, while the 
amorphous form does not appreciably decrease in weight and 
its composition does not appear to be as constant as that of 
the corresponding hypoxanthine compound. On treatment 
with ammonium hydrate the picric acid ia removed, and 
adenine silver, CgH^AgNj, is left, stained yellow by traces 
of picric acid. 

Adenine-mercury picrate, (CjH N,),Hg.2C,H^N0,),Orr, 
can be prepared by treating a hot concentrated aqueous 
solution of adenine picrate with an excess of sodium picrate 
and then with mercuric chloride. It forms a yellow gran- 
ular crystalline precipitate (microscopic needles) which rap- 
idly subsides and increases in quantity as the solution coots. 
I Its composition apparently varies, containing one to two 
r jnoleeules of water, according to the temperature of the 
solution. One molecule is given off at 100°, and the second 
at 105°-120°. The latter preparation, then, on exposure to 
the air, rapidly absorbs one molecule of water. The ob- 
ject of the sodium picrate in the precipitation is to combine 
with the hydrwihloric acid, which is set free. The precipi- 
tate produced by mercuric chloride in cold adenine picrate 
solution shows yellow and white granules, and is not homo- 

IgeneouB. Bruhns considers it to be a mixture of the aden- 
ine-mercury picrate and the compound C'jHjN,HgjClj ; if 
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Bodium picratc is added, however, tbe pure adenine-meTcury 
picrate forma, since no liydrochloric acid is set free. 

Adenine-mertiuric chloride, C^H^N^HgCI, is thrown dowD 
as a whit*!, finely granular precipitate when a boiling aque- 
ous adenine solution is treated gradually with concentrated 
mercuric chloride solution, it is formed according to the 
following reaction : 

CjH.N, + HgCl, = C,H,^f,HgCl + HCI. 

That free hydrochloric aoid forms can be ascertained by 
methyl orange. Treated with ammonium hydrate the 
chlorine is removed, aad there ia formed apparently the 
compound CjHjNjHgOH. If dissolved in warm dilute 
hydrochloric acid and allowed to crystallize, the double salt 
C.H,N,.HCl.HgCl, + 2H,0 separates in long stellaf* silky 
needles. 

Another mercury compound, CjH.NjHgjClj, is obtained 
when the precipitation takes place in the cold. The 
precipitate is white, flocculent, and anhydrous. In tliis 
reai-tion, as above, for each adenine molecule an equivalent 
of hydro<hloric acid is set free. This same body is also 
produced when an adenine solution is boiled with a large 
excess of mercuric chloride and as little hydrochloric as 
possible to effect solution. On cooling small stellate needles 
separate out, which do not lose their weight at 110°. It 
can also be obtiiined by boiling the following compounds 
with water. 

\Vhcn adenine is boiled with a large excess of mercmic 
(;hloride and much hydrochloric acid to completely dissolve 
the precipitate that* first forms, there is deposited on cooling 
a crystalline product, which is variable in its composition, 
and apparently consists of double salts of adenine and 
mercuric chloride, such as CjH,N,.HC1.5HgCI, aad CbH^N.. 
HC1.6HgCl,. On boiling with water these rapidly de- 
compose, forming the compound CjHjNj.HgjCl,. The 
formation of a double salt, CjHjNj.HCI.HgCl, + 2H,0 
is described above. 

Adeniiie-Bierciiry cyanide,' (CjHjNj)jHg(CN)„ separates 
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as stellate needles and plates when a mixture of liot solu- 
tions of adenine and mercuric cyanide are allowed to cool. 

An adenine bismuth iodide, C,H,Nj.HI.2BiIs + 2H,0, 
is obtained when an aqueous adenine sohition is treated 
with potassium bismuth iodide containing free hydriodic 
acid. The heavy precipitate, which in color resembles 
carbon monoxide hEemoglobin, consists of microscopic glit^ 
tering red needles. On contact with much water it partly 
decomposes, forming light reddish -yellow amorphous floc- 
citles, which become dariiish-brown at 100°. 

» Adenine bromide. By treating well-dried adenine with 
excess of dried bromine a dark-red body is obtained whicli 
appears to contain six atoms of bromine. On mere ex- 
posure to the air, more rapidly on heating at 100°-120°, 
it decomposes, yielding bromine and a brom-adenine, 
CjHjBrNj. This compound is white, difficultly soluble in 
cold water {1 : 10,000), more readily in hot water, very 

» easily in ammonia. It crystallizes from water or dilute 
ammonia in stellate needles. It is a rather strong base and 
forms well-characterized salts from which it is thrown 
down as a white miuro-cry stall iue precipitate by addition 
of ammonia. It is also formed from acfenine- bromide by 
treatment with sodimn bisulphite. Tlie pierate resembles 
that of adenine but is more voluminous ; silver compounds 
are also formed resembling those of adenine. The silver 
nitrate compound decomposes on boiling witli nitric acid 
with separat'on of silver bromide. It is only difficultly 
attacked by boiling alcoholic potash. 

When adenine is treated with zinc and hydrochloric acid, 
in the cold, it forms u difficultly soluble crystalline double 

Iealt which has not been obtained in the pure state. This 
double salt is not obtained hy direct treatment of adenine 
hydrochloride with zinc chloride. 
One of the hydrogen atoms of adenine is capable of re- 
placement by organic radicals. Thus it forms crystaUine 
methyl and ethyl compounds. 
Acetyl-adenine, CbH.Nj.CO.CHj, can be obtained by 
heating the anhydrous base with an excess of acetic anhy- 
dride for some time, in jm oil-ljath, at 130". It crystallizes 
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in small white Bcalea wiik-h dissolve but slightly in coU 
water and in alcohol ; mon? readily in hot wator, in dilute 
acids and alkalies. Hinted to 260° it Ik^.-ouius yellow but 
does not melt 

Benzoyl -adenine, CjHjNj.CO.CgHj, is obtained by tlie 
action of benzoic anhydride, but not of l>enzoyl chloride, 
on adenine. It crystallizes from water in long, lustrous, 
thin needles which sometimes are grouped in bundles, and 
melt at 2.34°— 235°, It is easily soluble in hot alcohol, from 
which it recrystallizes on cooling ; also in dilute adds and 
in ammonia. With amnioniacal silver nitrate it gives a 
precipitate resembling tliat of adenine, bat is more readily 
soluble in ammonia. This compound is quite stable, since 
it decomposes verj' slowly on ooiling with hydrochloric 
acid ; on protracted boiling with water it is changed into 
adenine and benzoic aeid. 

Benzyl-adenine, C.H^Nj.CHj.CgHj, was obtained bf 
Teoiss by heating well-dried adenine with benzyl chloride 
to boiling (178°) on ao oil-bath. The componnd forms 
pure white microscopic crj'stals and melts at 259". It is 
easily soluble in hot water and in hot alcohol. With acids 
it forms salts from which alkalies throw down the base. 
The hydrochloride forms fine glossy needles which are 
readily soluble in alcohol and in water, but not in ether. 
The sidphate and nitrate |M)S8ess similar properties. Like 
adenine it yields a silver compound which is insoluble in 
ammonia. On retluction with zinc and hydrochloric acid 
it forms an amorphous red unstable componnd. Treated 
with nitrous acid, benzyl-adenine is reduced to benzyl-hypo- 
xanthine, thus showing that the lienzyl group replaces a 
hydrogen atom in the group CjH^Nj, which Kossbl has 
called adenyl (see p^e 307). 

Benzyl-adenine picrate, C„H„N5.C6H,(NOj)sOH, is ob- 
tained as fine felted yellow needles, which are fairly soluble 
in water and in alcohol ; insoluble in ether. 

A methyl -adenine was obtained by Thoiss in an impore 
state by heating dried axlenine with methyl iodide in a sealed 
tube at 100°, It can l>e crj'stallized from absolnte alcohol. 
The aqneons solution of the base is precipitated by haiyta 
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water ; alcoliolic zinc chloride also yields a precipitate which 
is soluble in excess of ammoniam hydrate. Mercuric nitrate 
also gives a precipitate. Cadmiuin chloride yields a pre- 
cipitate which dissolves on warming, reappears on cooling, 
and is soluble in anunonia. Basic lead acetate has no effect. 
Nothing definite is known in n^ard to the physiological 
action of adenine, except that when fed to dogs it appears 
(o be eliminated as such, in part at least, by the urine. 

Adenine-Hypoxanthine, C.HjN, + C,H,NjO. The 

occurrence of this compound was observed by Kossel, but 
it was isolated and studied for the first time by Bruhns. 
It can be prepared by cooling a hot aqueous solution of 
equal parts of the two bases. At first it is obtaiued as 
.uick, staxch-Iike semi-transparent mosses, whicli later in 
part become white and chalky. By spontaneous evapora- 
tion of its solution in very dilute ammonia it forms pearly 
a^^egates of very small radially arranged needles, which 
contain water of crystallization. These effloresce some- 
what and lose the water at 100°. The compound is more 
readily soluble in water than its components, but au exact 
determination of its solubility is impossible, inasmuch as 
the separation irom hot solutions is not completed for some 
weeks. Any adenine prescut cau be separated by recrys- 
tallization. It forms a distinct crystalline hydrochloride, 
which should be borne in mind when examining microscopic- 
ally for the two bases ; but the combination is loose, since 
addition of gold chloride brings down the characteristic 
gold salt of adenine. Ordinarily it does not form salts 
with sulphuric or nitric acids, but more often is decomposed 
by these, so that the difficultly soluble adenine crystallizea 
out. Once, however, Bruhns obtained a sulphate which 
differed from the pure adenine and hypoxanthine sulphates ; 
thns is perhaps explained the observation of Kossel that 
adenine sulphate forms crystols Itelonging to two systems. 
The compound can lie decomposed into its constituents by 
fractional crystallization of the sulphate or nitrate ; but 
better by forming the picrates, whidi are very unequally 
.soluble in water. The existence of this compound unifoubt^ 
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ally explains manj' of the mistakes and dbcrepanciea oon- 
cerning the properties of faypoxanthine, which it rfsembles 
more than adenine, and for the same reason, perhaps, 
adenine was bo often overlooked. 

Hypoxanthine, C,H^N,0, sometimes also known as 
aareine or sarkine, waa discovered by Schehek (1850) in 
splenic pulp and in the muscles of the heart, and was 
named thus because it contains one atom of ox^'gen less 
than xanthine. It has sint.'e been obtained, usually accom- 
panying adenine and guanine, from nearly all of the 
animal tissues and oi^ans rich in nucleated cells, i.e., in 
nuclein. It has been found in blood after death, but not 
in blood when flowing tlirough the bloodvessels. Salouon 
has recently shown it to be a normal constituent of urin^ 
present, however, in an exceedingly minute quantity. In 
the blood and urine of leucocythsemic patients it occurs in 
increaserl quantity owing to the abnormally lai^ number 
of nucleated white blood -corpuscles in circulation (see page 
284), Bence Jones observed in tlie urine of a boy, who 
about three years before showed the symptoms of renal 
colic, a deposit of characteristic whetstone-like crystala, 
resembling uric acid, biit diifering trom the latter by dis- 
solving readily on the application of heat, while fojm 
hydrochloric acid it crystatlized in elongated six-sided 
plates. These crystals he lielieved to be those of xan- 
thine, but ScHERER and otliers consider them to be hypo- 
xanthine. It is therefore quite possible, though very rar^ 
for this base to form a deposit in the urine and to be 
confounded in shape with uric acid. Thudichttm has 
obtained it from the urine of persons sick with liver or 
kidney diseases. 

Among other places it has been found in the brun, 
muscle, serum, marrow of bones, kidney, heart, spleoi, 
liver, peripheral muscles (sarkine of Streckeb) ; in tiw 
spawn of salmon (Piccabd), in the testicles of the boll 
(Salomon), in the nuclein of pus and red corpuscles (Ki»- 
8BL), in devel<^ing ^gs, and in putrefaction of alboinin 
(Balouon). It has also been found in the spores of lyco- 
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podium, and in the pollen of varioua plants, in seed of black 
pepper, in grass, clover, oats, bran of wlieat, larvffl of ants ; 
in the juiee of potato (Schulze) ; in certain wines 
(Kaysbr) ; in the aqueous decoction of yeast of beer 
(Sch{jtzenberger) ; and also in the liquid in whicli yeast 
is grown (Eechamp). Demakt has shown it to be rela- 
tively abundant in the muscles of pigeons in a state of in- 
anition, while in muscles of well-led pigeons it is said to 
be entirely absent. Salomon found hypoxanthine and 
xanthine in the cotyledons of lupine, as well as in the 
Bprouts of malt, while Reinke and BLodewald observed 
these two bases together witli guanine in jEthaliura aep- 
ticum — with adenine, xanthine, and theophylline, it occurs 
in tea-leaves (Kossel). . ^^J 

Hypoxauthine has not been extracted from the pancreas, ^^H 
where it seems to be replaced by guanine, or rather by ^^H 
adenine. It seems that hypoxanthine bears a relation to ^^^| 
adenine similar to that which we see between glycocoll and ^^^| 
glycocoUic acid. ^^H 

Hypoxanthine occurs frequently in plants together with ^^^f 
the other members of this gixiup, namely, adenine, guanine, ^^^ 
and xanthine. Tlie widely distributed character of these 
bases is due to the presence of a parent substance, viz., 
nuclein, the necessary constituent of all cells capable of ^^1 
development, which under the influence of acids, and ^^^| 
probably likewise of ferments, decomposes into the above- ^^^| 
mentioned bases. They may, therefore, be considered as ^^^f 
the first 8t«ps in the retrograde metamorphosis of all ^^^ 
tissues, since they have their origin in nuclein, an impor- 
tant proteid substance. Recent advances in biological 
» chemistry have shown that the undeveloped eggs of various ^^J 
insects and birds yield much less quantity of xanthine ^^^| 
bodies (hypoxanthine, xanthine, etc.) on treatment with ^^^| 
dilute acid than the partially developed e^s (Tichomirofp, ^^H 
Eossel). This is dependent npon the remarkable fact ^^1 
observed by Kossel that the nuclein of undeveloped 
chicken ^gs differs from the nuclein of cell nuclei and 

I resembles ttiat ohtaineil fi-om milk. For, while the nuclein ^^J 

Irom the cell nuclei decomposes into adenine, gnaninc, ^^H 
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liypoxanthinc, utc., that from undeveloped egf^ and! 

milk yields no oitrogcnouB basea on treatment with acids. 
But as the i;^ dovelope, i.e., the nucleated cells increase in 
number, this latter nuclciu is gradually converted or gi\(s 
way to the ordinary cell nucleiu, and hence it is tliat the 
chick embryo yields guanine, hypoxanthine, and possibly 
adenine. 

Unquestionably, the presence of hj'poxanthtne, etc., in 
developing cells ia due to the presence of the nuclein mole- 
cule, from which it is readily split off. In musole, however, 
hypoxantliine and xanthine appear to exist preformetl, and 
bear no relation to nuclein, since they are in the free condi- 
tion, and can be extracted from the tissue by water. For 
an e^lanation of this peculiar fact, see Adenine, page 284, 
and Guanine, page 308. 

According to the observations of Salomon and Chit- 
tenden, hypoxanthine is formed by the digestion of blood 
fibrin with gastric juice, pancreatic juice, or on heating witli 
water or dilute acids. Egg albumin under the same con- 
ditions does not yield any hvpoxanthine, except when 
treated with pancreatic juice. Tliese observations require 
repetition, inasmuch as the fibrin used undoubtedly con- 
tained uuclein, which, as we now know, readily det^mposes 
under tiiose conditions into its characteristic nitrogenous 
Ijases. lie that as it may, it appears, however, to be one 
of the products formed by the decomposition and succes- 
sive oxidation of proteid matter previous to the formation 
of uric a«id and urea. 

When a mixture of guanine, xanthine, and hypoxanthine 
is allowed to putrefy, the l»ases decompose and disappear in 
the order named. Hj-poxanthine resists liacterial action 
the longest, and this correapouda with its liehavior to re- 
agents (Baginsky). Adenine during putretiiction, in the 
absence of air, is converted into hj-poxanthine, and guanine 
is correspondingly changed into xanthine (Schindleb). 
An imido group is, therefore, replaced by oxygen, and 
probably goes to form urea. This conversion is a very 
important fact, since the process of putrefaction, as Huppe- 
SevleR lias repeatedly pointed out, is analogous to the 
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I vital process, and tbe same chemical change may take place 
r in the aninaal organs. The same change very pro^bly 
I takes plaee in the auto-digeation of yeast. Its formation 
I under these conditions can be represented tlms : 

I C,H,N, + H,0 = C.H.N.O + NH,. 

Hypoxanthine can be readily obtained from a number of 
closely related substances. Thus, carulue, by tiic action of 
oxidizing agents, is converted into liypoxanthine (page 328). 
For this reason Weidel and SchOtzenbekger regard 
hypoxanthine as derived from carninCj but this view is now 

itirely set- aside by our present knowledge of the relation 
of this base to nuclein. 

Again, it can be obtained from adenine (page 289) by the 
action of nitrous acid. The relation that hyposanthine 
beajs to uric acid is shown by the fact that tbe latter is 
converted by nascent hydrogen first into xanthine, and 
finally into hypoxanthine. 

C.H.N.O, + 2Hs = C,H,N,0 + 2H,0. 

I'^his transformation of uric acid into hypoxanthine is of 
IreBpecial importance, since together with "Horbaczbwski's 
synthesis of uric acid, accomplished by acting on urea witli 
either glycocoll op trichlorlactamide, it constitutes the ]ast 
step in the complete synthesis of hypoxanthine from its 
elements. 

Hypoxanthine has been hitherto regarded as a step lower 
than guanine in the series of nitrogenous products of 
r^;resaive metamorphosis, and consequently was considered 
s derived from guanine. The investigations of Kossel, 
I however, show that it arises not trom guanine but from 
lenine. On tbe other hand, guanine is to l>e looked upon 
I the source of xanthine. It is probable that in the 
onanism it is oxidized as soon as it is set free from the 
nuclein, forming successively xanthine, uric acid, urea, etc., 
and the small quantity present in the urine ia all that has 

■ escaped oxidation. When fal to dogs, it was observed that 

■ die amount of hypoxanthine present in the urine decreased, 

L 
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natl even became less in aniuuiit tliau before tlic experiment; 
hut, oil tile other hand, tlie amount of xanthine in the urine 
was fouud to have been increase<l above tlie uornial. This 
shows that hypoxanthine in the body is oxldizetl probably 
first to xanthine, then into uric acid. According to Robert 
hypoxanthine is a true muscle stimulant. 

The fact tliat hypoxanthine is so widely <listrlbutcd in 
the organism, and in much larger quantities than was 
Ibrmerly supposed, sliows tliat it constitutes, together with 
tlie closely related bodies creatine, xantliine, guanine, etc., 
the normal antecedents of urea and uric acid. This view is 
furthermore strengthened since hypoxanthine ts espedally 
abundant in those organs which are most active m pro- 
ducing metaVtoIic changes in tiie body, viz., the liver and 
spleen. 

It may be prepareti from the urine, according to fjie 
method given under paraxanthine (page 322j ; or &om. 
extract of meat, or from glandular organs, suctt as the liver, 
spleen, etc., by the process on page 285. Nuclein, on de- 
composition with acids, yields about one per cent, of tiiis 
base. It can be determined with adenine indirectly by 
Scuindler's method (page 286) ; but better still directly 
by Beuhs'h picrate method (ai* page 2ti6). After we 
adeuinc has been precipitated by sodium picrate, the detas 
minatioa of hypoxanthine in the filtrate is not difficult if 
hydrochloric and other acids, the silver salts of which do 
not quite dissolve in ammonia, are absent. Tlw filtcatB 
from the ailenine picrate is rendered slightly alkaline with 
ammonia and precipitated with silver nitrate at the boiling- 
point. The slightly yellow-colored precipitate is washed 
with hot wat£r till the wash-water is colorless ; then dried 
at 120° for from two to three hours, when it has the com- 
position 2CjH,AgjN,0+HjO. Itcontauis, however, tracea 
of picric acid and some adenine silver, and hence the quan- 
tity of hypoxanthine calculated from the weight obtained is 
higher than it really is. Bruhns, as a cori-eetion, subtxacta 
3.0 mg. from the calculated quantity of hypoxanthine. 

A more convenient method than the preceding is bo eafai- 
inate hypoxanthine as hypoxanthine silver picrate. TSUt 
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filtrate from the adenine picrafc (pa^ 287) is niisetl to the 
boiling-point and silver nitrate solution gradually added. 
Tiie precipitat*! ia washed witli wld water till the wash- 
water is colorless, then dried at 100°, when its composition 
ie represented by the formula C5HjAgN,0.C,H,(N0,),0H. 
The calculated quantity of hypoxanthine here is likewise 
slightly higher than it should l)e. Beuhns deducts 1.0 
mg. irom the calculated result. 

in the presence of hydrochloric acid, etc., the deter- 
mination of hypoxanthine is somewhat cireuitoiis since the 
precipitated silver chloride must be separated from the 
hypoxanthine compound. The best procedure in this case 
is to saturate the filtrate from adenine pici-ate with am- 
monia and precipitate it completely with silver nitrate. 
The precipitate is washed witli hot water (a thorough wash- 
ing is not necessary), then it is boiled several times with 
nitric acid of 1.1 specific gravity. The acid each time is 
rapidly decanted on to a small filter, and finally the residue 
washed on tlie filter with 10 c.c. of the hot acid (total 100 
c.c). To the combined acid filtrate silver nitrate is added, 
and the whole set aside for twenty-four hours. The pre- 
cipitate is drieil at 100°, The amount of hypoxanthine 
lost depends upon the quantity of silver chloride present. 
The correction to be added is 3.1 nig. (Bruhns). In 
Nbubauee-Kossel'b metliod the mixed adenine and hypo- 
xanthine silver salts can l>e decomposed with a little hydro- 
chloric acid and estimated in this way. 

Hypoxanthine is a white, colorless, crystalline powder, 
sometimes in part amorphous ; according to Brohns, pure 
hypoxanthine does not Ibrm floeculea and bunchra of micro- 
scopic needles, but usually coherent crusts, which consist of 
roundish, sharp -cornered granules ; some resemble quadratic 
octohedra. It is soluble in about 300 parts of cold water 
(Stbbckek). The base separates slowly from aqueous 
' lolutions, and when pure the solubility, even in the begin- 
aing, is less than 1 : 300. At tlie end of four days Bruhns 
1 it to be 1 : 1880. It is more easily soluble in boiling 
■\n cooling, separatc.^i in the form of 
thus ditt'criuo; from xanthine. 
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which is amorphous. Tlic solubility in cold alcohol is very 
»tigbt, about 1 : 1000. It diseolves in acida and alkalies 
without dcutmpoaition, and from solutions in the latter 
it can be precipitated by passing carbonic acid, or by the 
addition of a<x>tic acid. The aqueous soUitlon possesses a 
neutral reaction. Tlie free base can be heated up to 150** 
without suffering decomposition, but alwve this temperature 
it aublimta, ana partially decomposes, with evolution of 
hydrocyanic acid. When heated with potassium hydrate 
to 200°, it yields ammonia and ^lotassium c)'anide. Heated 
with water to 200°, it decomposes into carbonic acid, formic 
acid, and ammonia, and in tliis respect it agrees with adenine 
(page 288). The properties of StbeCker's sarkine agree 
closely with those of adenine-hyposanthine ; and, inasmuch 
as the latter lias been often described as hypoxanthine, it is 
very desirable tliat the properties of liypoxantbine be re- 
determined. 

When evaporated with an oxidizing agent, clilorine water 
or nitric acid, the residue is said to give on contact with 
ammonia vapors a rose-red color (Weidel, murexide test). 
KossBi., however, has shown that this is due to the presence 
of xanthine, and that pore hypoxanthine docs not give either 
the murexide test or the xanthine reaction. According to 
Stkecker, concentrated nitric acid converts hypoxanthine 
into a nitro-compound, which in turn, by the action of a 
reducing agent, is clianged into xanthine. This statement 
lias not been confirmed either by FisCHER or by Kossel. 
It does not give a green color with sodium hydrate and 
cliloride of lime — distinction from xanthine (page 316). 

With acids it yields crystallizahle compounds, and, like 
the araido acids, it forms compounds witti bases, and also 
with metallic salts, such as silver nitrate and copper acetate. 

The hydrochloride, C,H^N,O.HCi + H^O, crystallizea m 
needles, and, like the nitrate and sulphate, it is dissociateil 
on contact with water. The crystalline form is character- 
istic and distinct from that of adenine, as well as adenine- 
hypoxanthine. The nitrate forma thick prisms or roundish 
masses, readily soluble in water and ammonia. Platinum 
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chloride forms a vellow, crystalline douLle salt, having the 
composition C,HXO.HCl.PtCl,. 

The picrate forms yellow prisms easily soluhle in water, 
which solution is not afFeeted as that of adenine liy sodium 
picrate. 

Hypoxanthine silver, CsHjAgjNjO.H.^O. All attempts 
to obtain a compound containing but one atom of silver 
in the molecule, corresponding to the adenine compound 
CjH^AgN,, have failed. The above compound was first 
prepared by Streckeb, and given the formula CjH^NjO. 
AgjO ; but the former is preferable, since on heating at 120° 
two and a half molecules of water are lost and 

2C,H,Ag,N,0 + HjO (Ag = 60.2 per cent.) results. 

At 140°-150° it loses again in weight and becomes gradu- 
ally gray ; on exposure to air it absorbs moisture. In this 
form hypoxanthine can be estimated quantitatively (see 
page 302) ; the presence of sodium picrate does not interfere, 
but chlorides, etc,, do. It is insoluble in hot water. The 
compound, CjHjA^jNjO.SHjO, is obtained in the form of 
microscopic needles, by treating pure hypoxanthine silver 
nitrate with excess of aqueous ammonia. On boiling with 
ammonia- water it is but slightly dissolved, and appears to 
slowly lose a part of Its wafer of crystallization. As a 
result of the decomposition one-half of the hypoxanthine 
passes into solution and can be recovered on boiling with 
addition of silver nitrate in the crystalline form ; or in the 
cold, as the usual amorphous precipitate, C,HjAgjN,0,HjO. 
Hypoxanthine silver nitrate, CjH,X,O.AgNOj, (Ag =^ 
35.29 per cent.), is the best-known compound ; its formula 
was estabhshed by Stbecker, It is obtained by dissolving 
' the above precipitate, produced by addition of silver 
nitrate to au ammonlacal solution of the base, in hot nitric 
acid, specific gravity 1.1 ; on cooling the hvpoxauthine 
silver nitrate crystallizes in the form of tufts of microscopic 
needles or plates. Heated at 100°-120° it remains con- 
stant in weight ; the quantity of silver present, when deter- 
mined, is alwaj-s somewhat higher than the theoretical, 
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cspeciallj' if an oxcesa of silver iiitratf is employeJ id the 
precipitation. Tlie explanation of this Sui. is probably 
that given under Adenine, tbougli prosenee of silver chlo- 
ride may partly be the cause. On treatment witli am- 
monia it loses not only nitric acid but also half of the 
hypoxanthine, and CjHjAgjN^0..3HjO forms. The ohan^ 
takes plat* readily even in the cold, and if during tlie 
digestion an excess of silver nitrate is added, thp liyjK)- 
xanthine set free is converted into this compound, which is 
wholly constant in composition compared with the hypo- 
xanthinc silver nitrate. The conversion is quantitative. 
Very dilute hydrochloric acid, as well as hydrogen sulphide, 
removes the silver from this compound. 
Hypoxanthine-silver picrate, 
CjH^gN.O.CjH^NOOsOH (Ag = 22.88 per cent.), 

is gradually formed by adding silver nitrate to a boiling 
solution of hypoxanthine picrate. The precipitate is gnmular 
and of a lemon-yellow color, and consists of a^n^taone of 
fine short needles. It is slightly soluble in hot, insoluble in 
rold water. It is, therefore, applicable for a quantitative 
determination of the base. Aqueous ammonia veiy readilv 
and completely removes the picric acid fi-om the coRiponnd, 
and the residue is hypoxanthine silver, which is slightly 
colored yellow by a trace of picric acid ; half of the hypo- 
xanthine passes into solution. Nitric acid with difficulty 
converts it into hypoxanthine silver nitrate. 

Hypoxanthine mercuric chloride, CjH,N,OHgCl, is ob- 
tained by adding an ef^uivalent quantity of mercuric chloride 
to a boiling solution of hypoxanthine. The precipitate, 
whidi increases on cooling, is crystalline. 

A second compound, CjHjNjOHgjCl,, is produced by , 
adding a strong excess of meifui'ic chloride, in the cold, to 
an aqueous solution of hypoxanthine. It forms a heavy 
granular micro-crystalliue precipitate, which contains some 
water of crystallization. 

By boiling the prewding («mpouud with just sufBdent 
hydroi'hloric acid to effl'ct I'oniplcte solution, there is formed 
on standing a precipitate of ^sliitc roundish aggregates of 
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leafy or needle-shaped fflittering crystals which have the 
composition C,H,N^OHgCl, + H^O. 

The following table of Brdhhs illustrates the analogy 
existing betweeJi the mercury compounds of adenine and 
hypoxantliine and similar derivatives of ammonium : 

AHKOHniic. AnENinr. Bitoiintbwi, 

NH.HnCl C,H.K,HeC1 

A brom-hypo xanthine compound corresponding to that of 
. adenine has not teen obtained. 

Benzyl-hyposanthinc, CsH^N.O.CHj.CsH^, was obtained 
by Thoiss by the action of nitrous acid on henzyl-adenine. 
It forms a white erj-stalline mass which under the raiero- 
Bcope consists of thin plates. It is easily soluble in hot 
water, dilute alcohol, and in acetic ether ; insoluble in ether 
and chloroform. It melts at 280°. It appears, as KossBL 
has pointed out, that adenine and hypoxanthine contain a 
^poup, CjH^N,, which he uanied adenyl. The formation of 
the benzyl derivatives of these two bases shows that the 
hydrogen atom which is replaced occurs in the adenyl and 
not in the imido group. According to this view adenine is 
to be considerwl as adenylimide fCjHjN^.NH) and hypo- 
xanthine as adenylpxide (CnH^NjO), 

Phosphomolybdic aeid precipitates hyposauthine from. 
I acid solution, and in general it gives the onlinary alkaloidal 
reactions. 

It is not precipitated by amuioniatal basic lead acetate. 

Copper acetate does not precipitate it in the cold, l)ut does 

n Doiling. This fact has been made use of in the isolation 

of hypoxanthine. Mercuric chloride, as well as mercuric 

I nitrate, produces a floceulent precipitate. 

Alb^^her, in its behavior to reagents it resembles xan- 
thine to a very considerable d^ree. The two can lie 
separated, however, by the different solubilities of the 
hydrodilorides in water, and niorti esjiccially of the silver 
_ »alt in nitric acid. 
^ Physinlor/kiO Adion. — 25-l(X) uig. begin to act on frogs 
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in irom sis to twenty-four hours, and produce incroased"i^" 
flex esdtahilitj and eom-ulsive attacks ; 5-100 mg, is fatal 
{Filehne). "Wbeii injected guhcutaneously into liepato- 
toniizcd geese or cliiefceDS a corresponding increase in uric 
acid secretion is olisened (v, Macu). This conversion is 
analogous to thiit observed by StadThagen in the case of 
guanine {page 310), and shows that in the xanthine bodies 
we have antecedents of uric acid apart from the synthesis of 
the lattiT from ammonia in the liver. The process by which 
this cliange is effected is undoubtetlly one of oxidation, i^ 

Guanine, CjHjN^O, was discovered, in 1 844, by Ungeb, 
as a conetitueut of guano, in which it is present in varjn'ng 
quantities according to the region from which tbe guano 
comes. Thus, the Peruvian guano is reported as containing 
the loi^Gst proportion of this base, and on that acconnt this 
variety is employed when it is desired to prepare guanine. 
Since its discovery by Ungeh, it baa been met with in a 
very large number of tissues, both animal and vegetable ; 
in the liver, pancreas, lungs, retina, in the thyniua gland of 
the calf, and in the testicle substance of the bull ; in the 
scales of the bleak, and in the swimining-bladder of fish, as 
well as in the excrements of birds, of insects, as the garden 
spider, in which it occurs with a small quantity of uric acid 
(Weihmann), and is to be regarded as a decomposition 
product of proteids formed in the tissues of the spider. It 
is also found in the spawn and testicle of salmon, and 
ScHULZB and others have shown it to be present in the 
young leaves of the plane-tree, of vine, eto., also in gmss, 
clover, oats, as well as in the pollen of various plants. 
ScHtJTZESBBBGEB has isolated it, together with hypoxan- 
thine, xanthine, and camine, from yeast which had been 
allowed to stand in I'ontact with water at near tlie body- 
temperature. Pathol (^ically, it occurs in the muscles, liga- 
ments, and joints of swine suffering from the disease known 
as guanine-gout. Normally, guanine, like adenine, is 
present in muscle tissue only in traces. It has never been 
found in the urine, though xanthine has been n 
guanine by some, 
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As to the origin of tliis sulstance in the orgunism very 
I little has been known up fo within a ftw years, eixctpt bo 
1 far as it has been shown lo he, togtthcrwith other mtmbers 
J of this group, a transitory produtt in the rttrograde meia- 
[ morphosis of nitrogenous foods and tiesuts. In the case of 
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the lower animals it is evidtntly the tnd-produit of all 
change, insEmuch as it is eserettti as such. Our knowledge 
as to the immediate origin of this and the other allied bases 
has lately been extended by the brilliant itaearchcs of 
KOSSEL on the decomposition products of nuclein, in which 
he has shown that this essential constitutnt of all nucleated 
cells, whether animal or vegetable, detomposcs under tlie 
action of water or dilute acids into adenine, guanine, hypo- 
xanthine, and xanthine. We know that the first two bases 
are readily converted by the action of nitrous acid into the 
other two ; that is to say, an KH group in tlicae bases is 
replaced by an atom of O — a change which it is not at all 
unlikely takes place in the tissues, perhaps in every cell 
nucleus. That such a change is quite probable is shown by 
the putrefaction experiments of Schibdi-er, whereby aden- 
ine and guanine were converted respectively into hypoxan- 
<ihine and xanthine. If this explanation is correct, then 
adenine and guanine are transition-products between the 
complex proteid molecule on the one hand, and bypoxan- 
thine and xanthine on the other. These two, in turn, form 
the connecting link to the last step in the regressive meta- 
morpliosis of the nitr<^enous elements of the tissues, viz., 
the formation of uric acid and urea. We can thus trace a 
BuccesBion of oyclca from the complex nuclein molecule, 
which is apparently indispensable to the functional activitj' 
of all reproduetable cells, to the physiologically waste pro- 
dacts urea and uric acid. 

BcHULZE and Bosshard recently (1886) found in young 
vetchj clover, ergot, etc., a new base, to which thn' have 
given the name vemine. It baa the formula CijHjiJTjiOg, 
and is of especial interest at this point, since on heating 
"with hydrochloric acid it apparently yields guanine. We 
have, therefore, at least two well-defined sources of guanine, 
the nueleins and vernine. 
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Neitliep lulcninc nor gnanine opt-ur \u Dornml ninscle 
fiirtlitT than in mere traces, a foot wliich can only Ur 
explained on tlic ground that the muscle tissue is poor in 
nudtatal wUb, and heuce in micJein. Just as the muscle 
cell has iMK'onie niorohologically differentiated from the 
typical cell, it may be looked upon also as having under- 
gone a concomitant chemical differentiation, inasmuch as we 
no longer find the pliosphoric acid, xanthine, and hypo- 
xanthine in tlie ssimc chemical combination as they oeeur in 
the original wll. The phosphorite acid, instead of existing 
as apart of an organic compound, is present in the muscle 
tissue as a salt ; similarly Uie hypoxantliine and xanthine 
occur in the free condition, extractablc by water, and no 
longer in combination with other groups of atoms consti- 
tuting a part oi'a more complex molecule — nuclein. 

Guanine and creatine apjiarcntly mutually replace one 
another. Thus, in tlie muscle, as just stated, guanine occurs 
only in traces, whereas creatine is especially abundant. 
Tills may find its explanation in the tact that both are sub- 
stituted guanidines. Creatine is r^arded by Hoppe- 
Seyler as an intermediate prothict in the formation of 
urea, and a similar role, it will Ix^ rememberetl, Ijelongs hi 
guanine. From Stadthagen's experiments on dogs we 
know that guanine ingested, pnxluces an increase in the 
amount of uric acid and urea excreted, and the same is 
also true of the nuclein derived from yeast. These results 
have led him to tlie conclusion that in mammals uric add 
is a direct, or more or less altered cleavage product of jnw- 
teids, notwithstanding the &ct tliat in bii-ds it is the result 
of synthesis in the liver. 

In the decomposition of nuclein-containing substancra, 
Bucli as yeast, liver, spleen, etc., by dilute acids, neither 
adenine nor guanine is found alone, hut they are always 
accompanied liy hypoxanthine, and usually by a very small 
quantity of xanthmc. 

Guanine may be readily prejmrcd from Peruvian guano 

by boiling it repcatetlly witli milk of lime until the liquid 

becomes colorless. The residue, consisting lai^ly of urie 

id and guanine, is boiled with a solution of eodium car- 
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bonate, filtered, and the iiltrate, after the addition of sodium 
acetate, la sti-oagly acidulated with hydrochloric acid. This 
precipitates the guanine, together with some uric aeid. The 
precipitate is dissolved in boiling hydrochloric acid, and the 
guanine then thrown out of solution by the addition of am- 
monium hydrate. Guanine is also obtained in the decom- 
position of nuclein with dilute acids, and can, therefore, be 
prepared from such cellular organs as the spleen, pan- 
creas, eto., according to the method given on pi^e 285, It 
should be noted here that in the decomposition of the mixed 

^ silver compoimds with hydrogen sulphide or ammonium 
isolphide (Schindleb) the guanine, often only in part, passes 
■into solution witli adenine and hyposanthine, and the re- 
mainder is held hack in the silver sulphide precipitete. The 
latter should, tlicrefore, lie boiled with dilute hydrochloric 
add, and on saturating the filtrate with ammonia tlie guan- 
ine after a while separates. That portion of the guanine 
which did pass into solution with the other two bases is 
separated from them by digestion witlianmionia on a water- 
bath. The two portions are then combined, transferred to 
a filter, previously dried at 110° and weighed, washed well 
with ammonia, tiien dried and weighed. 

The free base forms a white, amorphous powder, insol- 
uble in water, alcohol, ether, and ammonium hydrate ; 
Leasily soluble in mineral acids, fixed alkalies, and in excess 
f eon<*ntrateil ammonium liydrate. It can be heated to 
P^Kive 200° witliout undergoing decomposition. When 
evaporated with strong nitric acid it gives a yellow residue, 
and this on the addition of sodiiun hydrate assumes a red 
color, which on heating becomes purple, then indigo-blue ; 
on cooling it returns to a yellow, passing through purple 
and reddish-yellow shades due, according to v. BrIjcke, to 
absoqttion of water. This is tlic so-called xanthine reac- 
tion, and is suppost^ to \>e due to tlie formation of xanthine 
and a nitro product. It ia given best by guanine, then by 
xantliine, and is not given by either hypoxanthinc or 
udenine. 
^» •: Nitrous iwid convert* it directly into xanthine, thus : 
B C^H^N^O -I- HNO, = V,U,'Sf>, -1- N, -t- H,a 



^_ uble 
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This reaction is identical with that of adenine, whereW 
hypoxanthine is formed (see page 289). By putrefaction in 
the alia^noc of air it forms xanthine (Schtsdler). The 

change «iii V«? represented by the equation : 

C,H,N,0 + Ep = C.H.N.O, + NH,. 

On oxidation with potassium permanganate it yields urea, 
oxalic acid, and oxy-guanine. By hydrochloric acid and 
potassium chlorate it is oxidized to carbonic acid, goani- 
dine, and parabanic acid, according to the equation : 

CO— NH. „ „. 

OsHbNjO + n,o -i- 30 = I j>co -1- g'ij^c = nh + co,. 



According to Stheckeh, a small amount of xanthine is 
formal in tiiis reaction, and it is quite possible that this 
base is also formed on oxidation with nitric acid. 

Guanine combines witli acids, bases, and salts. It unites 
with bases to form crystalline compounds ; and with one or 
two equivalents of acid it also yields crystal I izable salts. 
Thus, with hydrochloric acid it forms the two salts, 
C,H,N,0-(HC1)) ar"i C,H,NjO.HCl + H,0. Similar com- 
binations can lie obtainHl with nitric acid. The sulphate 
(CjHBNgO),H,SO„ crystallizes in long needles, and, like 
the other salts, is decomposable by water. The platino- 
chloride, (C.H;N,O.HCl),PtCl,-l- 2H,0, is readily obtained 
in a (Tyatalline condition. The silver compound is 
soluble in hot nitric acid, and on cooling recrystallizes 
in fine, neei He-shaped crystals, having the composition 
C^HAO-AgNO,. 

The solutions of the hydrocldoride are precipitated 1)y 
mercuric chloride and nitrate, potassium chromate, potas- 
sium ferricyanide, and by picric acid. Basic lead acetate 
gives a precipitate only on addition of ammonium hydrate. 
The reaction with picric acid (Capranica) is said to be 
very characteristic, and a means of distinguishing this base 
&om xanthine and hypoxanthine. It is best obtained by 
adding a cold, saturated solution of picric acid to the frarm 
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acidulated solution of fiuanine, wlien a light, crystalline 

precipitate forms. ITnder the niieroscope it appears in 

pencil-shaped, ft-rn-like tufts of fine, orange-yellow needles, 

Physiolc^tcally guanine like uric acid is inert (Filehne). 

Xanthine, CjHjN^Oj, is also very widely distributed in 
the oi^nism, and has been met with in almost all tlie 
tiBsues and liquids of the animal economy. Together with 
hypoxantliine, guanine, and possibly adenine, it occurs in 
many plants, among which may be mentioned lupine, 
ffithaliom, sprouts of malt, tea-leaves (Baginsky), auto- 
digestion of yeast, gourd seeds, soja beans, etc. It was 
first discovered by Marcet (1819) in a urinary calculus, 
and since then has been frequently found as the only or 
chief constituent of many calculi. Unger and Phipbon 
have extracted it from guano, while Salomon has shown 
be one of the products formed in the pancreatic diges- 
tion of fibrin, ScbIitzenberger found it ti^etber with 
e and hypoxantliine in the liquors from yeast. It is 
a normal constituent of the urine, but is present only in 
cjttremely minut« quantities. During the use of Bulpfrar- 
baths, or after tlie thorough application of sulphur salvra, 
the quantity of xanthine in the urrne is considerably in- 
creased. It is likeM'ise more abundant in the urine of leuco- 
cythsemic patients, for the reasons already given on page 
283. Baginski holds that the amount of xanthine nor- ^ 
mally present in the urine may be increased tenfold in the i 
<.«se of aeute nephritis, Bence Jones observed in the 
urine of a child sick with renal colic, a deposit of crystals 
which he considered to \k sanlhine, but other observers 
are inclined to regard the ciystals as those of hypo- 
xanthine. Vaughan has reported the presence of xan- 
thine in deposits from the urine of patients with enlai^ed 
spleen, 
^t Xanthine may be prepared synthetically in several ways. 

^M Thus, it may be obtained by the reduction of uric acid by 
^K means of sodium amalgam, according to the equation : i 

H C,H,NA + Hj = C„H.NA+Hp, j 



I 
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Now that uric acid liiis been pn-parwl syntbetically, this 
forms tlio filial etfp in the t-ompleto synthesis of xanthine. 
By ftirtlier actiou of nascent hydrogi'n tlie xanthine in turn 
is <«iiverted into liypoxanthine. The reverse operation, 
the con version of liyposanthine into xanthine, though re- 
ported by Strecker has not YMxn eonfirmed by Fischer 
or by KossEL. It is, therefore, evident that thest^ bodies 
I'orm a continuous oxidation series wJtti uric acid as the 
final product, Although this change is unquestionably the 
one which goes on in the animal economy, yet all attempts 
to reproduce it in the laboratorv by oxidation witb potas- 
sium {lermanganate or nitric acid have apparently yielded 
only ne^tive results. Again, xanUiino may be prepared 
from guanine by putrefaction of the latter, or 1^ oxida.tj' 
with nitrous acid. The change may be represented by ' 
e<juat!on : 

C,H,N,0 + HNO, = C,H,N,0, + N^ + H,0. 

This rea<rtion, first described by Strbckeh (185)^), 
Bponds exactly to the one by which Kossel has transform) 
adenine into hypoxanthiuC (see page 289), 

Gautier, starting out on tlie hypothesis that xanthini 
is a polymerization-product of hydrocyanic acid, has c 
deavored to prepare it directly from tliit 




mpout 
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deed, he claims to Wve succeeded in effecting the synthi 
of not only xanthine, but also its homologue, by simply 
heating hydrocysmic acid in a sealed tube with water and a 
little acetic acid, the latter being added to neutralize any 
ammonia that might form. He expresses the reattion 
follows 



IIHCN + 4H,0 = C,H,NA + CgHgNp, + 3N] 



Nearly all of the inetliods that have been employed 
the preimration of xanthine are based upon its precipitation 
as the insoluble silver eompoimd. From the urine it can 
lie isolatwl according to the method given under paraxau- 
thiuc, on page 322, It nuiy ali-o be obtained from the 



ed for I 



CHEMISTRY Of 



L E U C M A I N E S . 



315 



urine by Hopmbister's method. The urine, acidulated 
with hydrochloric; acid, is precipitated with phosphotimgstic 
acid; the precipitate is decomposed by warming with 
baryta, filtered, and the filtrate is freed from barium by the 
cautious addition of sulphuric acid. The solution is then 
made alkaline with ammonium hydrate, any traces of phos- 
phates that appear are flltcral off, and finally it is precipi- 
tated by addition of ammoniacal silver nitrate. Tne pre- 
cipitate which forms consiste of the silver compounds of the 
xanthine bodies, and is purified by dissolving in hot nitric 
acid, as given on page 285. Xantliine has been shown to 
be formed at tlie same time with guanine, adenine, and 
hypoxanthine, in the decomposition of nuclein by means of 
dilute acids. It may, therefore, l)e prepare*! fixim cellular 
oi^ns acconling.to the method given under Adenine. The 
method of its preparation from tea-leaves is also given 
elsewhere. 

Xanthine is a wliib.', granular, amorphous body, and is 
deposited from hot aqueous solution on cooling in colorless 
flocculea, or as a fine powder, which, under the microscope, 
is seen to consist of rounded granules. When occurring in 
calculi, it forms compact, moderately hard, yellow or brown 
frf^m^its, which, on being rubbed with the finger-nail, 
assume a wax-like appeai-ance. It is difficultly soluble in 
cold water (about 14,000 parts), alcohol, and etiier ; some- 
what more soluble in boiling water (aliout 1200 parts). It 
is soluble in alkalies and alkali carbonates, not bicarbon- 
ate, and from these solutions it is precipitatal on neutral- 
ization with acids, or by passing carbonic acid. In warm 
ammonia it dissolves more readily than docs uric acid or 
guanine, and on cooling the ammonium compound recrys- 
tallizes. It acts as a weak base, and as a weak acid ; with 
salts of the heavy metals it forms diflicultlv soluble or 
insoluble compoimds. Its basic properties, fiowever, are 
weaker than those of hypoxanthine or guanine. 
. When xanthine is evaporated with nitric acid it leaves a 
lemon-yellow residue (hence its name), which is notoJiaoged 
by anmionium liydratt — distinction from uric acid — but 
with potJissium hydrate becomes yellowish-red, on heating 
purple-red. When adticd to a mixture of blea«.liing jxtwder 
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and BoHium liydrute in a watfh-glasa the solution becomcii 
(■overwl by a (lark-grpm auni, wbich changts to a brown, 
antl soon tlieappears — distinction from hypoxaiithine. 

By means of a very intenstinji synthttic reattion, xan- 
tliine may be convtTtfd into tlicobroniinr, the active <on- 
stitnentof Theobroma cacao. Thna, the xanthine is dissolved 
in a sufficient quantity of sodium liydrate, necessary to form 
the neulral compound CjHjNajKjO,, and this product, 
when treated with loih'ng acttate of lead, yields a white 
precipitate of lead xanthine, CjHjPbN.O,. This is dried 
at 130°, then heated for twelve hours at 100° with methyl 
iodide, wheu the dimtthyl derivative, CjHj(CH,)jN,Oj, is 
formed. This compound is identical with the natural tlico- 
bromine, and by a similar treatment is converted into tri- 
methyl- xanthine or caffeine. The relation of xanthine to 
theine (rnffeine) is shown in the fiitt that it exists together 
with hypoxanthine, adenine, and possibly guanine, iu fresh 
tea-leaves. It is, therefore, clear, that hy starting from 
guanine of guano we can produce sueceeaively xanthine, 
dimethyl xanthine, and trimethyl xanthine, tlie last two 
compounds being identical with the alkaloids of theobroma 
and of coffee. 

Nascent hydrogen convei-ts tliis base into hypoxanthine, 
but the reverse operation, the oxidation of hypoxanthine 
into xanthine, has been questioned of late by Koesi:!. and 
others. On heating, a small portion volatilizes; the 
greater part decomposes into ammonium carbonate, cyan- 
ogen, and hydrocyanic acid. Heated to 200° with hydro- 
chloric acid, it decomposes with the formation of ammonia, 
earhonio acid, formic acid, and glycoroll (E. Schmidt). 
When bromine is allowed to act on xanthine, there is 
formed a substitution compound, having the formula 
CgHjErN^O,. With potassium chlorate and hydrochloric 
acid it yields alloxan and urea. 

Xantliine is a weak base, which dissolvts in acids with 
the formation of salts. 

The hydrochloride, C,H,N,0,-HC1, is difficultly soluble 
in water, more so than the corresponding salt of hypoxan- 
thine, from which it is d(posit(d in glistening six-sided 
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))lates, often formiDg ajigrcgations. Its solution does not 
precipitate platinum chloride. The nitrate forma fine yellow 
crystals. 

The sulphate, C,H^NA-HaSO, + HjO, crystallizes in 
I microscopic glistening rhombic plates, deoomposable by 
\ water. 

With baryta water xanthine forms the difficultly soluble 
compound CsHjN,0i.Ba{OH)„ which corresponds to the 
hypoxanthino salt C5H,N,O.Ba(OH)2, and to that of 
guanine. 

From aramoniacal solution, silver nitrate precipitates the 
compound CjHiN^Oj.AgjO, which is insoluble in ammonia, 
but soluble in hot nitric acid. From the nitric acid solu- 
tion, on long standing, tliere separates the compound 
, CjHjN^Oa.AgNOj, whi(Ji, on contact witli water, tlecom- 
'- poses, giving off nitric acid. The ammoniaeal solution is 
also precipitated by lead acetate — separation from hypo- 
xanthine — also by calcium and zinc chlorides. Cupric 
acetate gives a precipitate only on boiling. The aqueous 
solution is not precipitated by lead acetate, but is liy phoa- 
phomolybdic acid, pliosphotungstic acid, by mercuroua and 
merCTiric salts. Picric acid gives an easily soluble com- 
pound, which resembles tliat of hypoxanthine, but differs 
from tiiat of guanine. 

As to the physiological relation of xanthine very little 

need be said. It bears the same relation to guanine that 

' hypoxanthine does to adenine, and, like the latter, is to be 

looked upon as an intermediate compound, a step lower 

than guanine, and nearer the limit of oxidation — uric acid. 

It is quite probable that in the body it is oxidized about 

as rapidly as it is formed. Like hypoxanthine, it is to 

^L be regarded as a true muscle stimulant, especially of the 

^■lieart. (Baginski). According to Filehne itpniduees 

^F m frog8 a detiided muscular rigor and paralysis of the spinal 

cord. The heart muscle is also affected, which is not the 

case with caffeine or theobromine. The fatal dose is less 

than one-half pro mille. In its action it is stronger than 

^ theobromine, while caffeine is weaker than eitlier of the 

^L two. Paschkis and Pal hold tliat the reverse is true. 
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In closing the cles(Ti)ition of the preaxlinf bodies it may 
be well to pKsetit briefly our present knowledge as to their 
constitution. Gautier, starting out with the idea that 
they are polymerization-products of hydrocyanic acid, has 
deduced theoretically cyclie forninlte, recalling the hexagon 
of the benzole derivatives. These formnlfe, though formid- 
able in appearance, are a complete failure so &r as they are 
expressions of chemical reactions. Thus, the formula of 
guanine : 



H — CO — Nn 



N = CH 
\ 
C — C 



C = NH 



HN 



NH 



fails to show eitlier a urea or a guanidine residue, and __ 
it is a well-known fact that guanine on oxidation yidds 
parabanio acid and guanidine (page 312). In a similar 
manner, his xanthine formula fails to show up the una 
residues which we know to be present. 

HoRBACZEWSKi's Synthesis of nric acid has thrown con- 
siderable light upon the constitution of these bases. As a 
consequence of ms method of synthesis uric acid was shown 
to possess the structural formula given below. E, Fischer 
lias found, as a result of experimental work, the constitu- 
tion of xanthine to be expressed by the subjoined formula. 
We know that uric acid on treatment with nascent hydro- 
gen is converted into xanthine, then into hypoxanthine. 
It follows, therefore, that a relation exists between hypo- 
xanthine and xanthine similar to that between xan&ine 
and uric acid. The tbrmula of hypoxantliine, as deduced 
i'rom this relation, and given below, probably represente 
its constitution quite closely. It is possible, however, that 
the CH and CO groups will he foirad to occupy the 
reverse position which tncy are given in this formula, in 
which case corresponding changes must be made in the 
forniulffi of guanine and adenine. The latter two are basted 
upon the relation which these iKHlies hear to xantliiue and 
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hypoxan thine, and cannot be said to be the result of diret^ 
experimental evidence. 



NH— G — NH 

(jo II I 

HH— C CO 
CO— NH 



N = C- 
I I 
CO 

I I 

NH— C 

II 
OH— NH 



N=C — NH 
CH 



CO 

I 



CO 

II I 

CH— NH 



CjHjN.Oj 



I 
CO 



C.H.N.O, 
NH N=0 - 

CH 
C=NH N— C 



C.H.N.O 
- NH 



II I 

CH- NH 



C.H,N,0 



C,H,K. 



Hbteboxanthinb, C,H„N,0„ is a uew base wliirli was 
isolated from the tirine ia 1884 by Salomon. la its 
composition it is metiiyl-xaDtiiine, aud is ijiterraediatx! 
between xautbine and paraxanthine or diniethyl-xantbine. 

»It occurs in the urine of man and of the dog in about the 
flame amount as paraxanthine, and tlie method for its isola- 
tion will be found under the description of that base. It 
is a remarkable liict that this base owurs in dog's urine 
unaccompanieil by paraxanthine, and the same seems to 
hold true for tbc urine of leucocythiemic pereons, Salomon 
examinwl the liver and muscles of a dog, but was unable 
to obtain au\ Iwteroxanthme or jjaraxanthine, and the total 
amount of xanthuie bodies present was about normal. 
Hence, he is mdmed to thmk that these two bases may 

I possibly lia\e their oiigiu in the kidney. Unlike the other 
xanthine IhmIks h(t«io\aitthini has not as yet Ik^'u i.solati^l 
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from plants, meat extract, or ^ano. The amount ^H 
xtinthinc bodies present in tlie urine is iinaffofted by phos- 
plionis poisoning. Neltlier tiiis l:>ase nor paraxanthine has 
beon found in bull's testicles ; xantliine is also absent, and 
only hypoxanthine and guanine were found to be pnsent. 

Heterox an thine forms a white amorphous powder, which 
sometimes on prolonged contatt witli water forms micro- 
scopic crystallme tufts. It is very difficultly soluble in 
cold wafM- ; much more easily in hot water, and the solu- 
tion thus obtainc<:l is neutral in reaction. It is easily soluble 
in ammonium hydrate, but is insoluble in alcohol and etlier. 
When heated it volatilizes without melting and at the same 
time gives oflF a small quantity of hydrocyanic acid. On 
evaporation with nitric acid on the water-bath (xanthine 
reaction) it remains as a pure white residue, which on con- 
tact with sodiiun hydrate develops only a trai* of reddish 
coloration or none at all. Wbidbl's test (page 328) pro- 
duces a splendid red color, which becomes blue on the ad- 
dition of sodium hydrate. Simple evaporation with chlo- 
rine water gives a similar though not so strong a color 
reaction. 

Silver nitrate produces in ammoniaeal, as well as in 
nitric acid solutions, a precipitate which readily dissolves 
on warming in even very dilute nitric acid ; from this 
solution, if not too concentrated, the heterox an thine silver 
nitrate compound crj-stallizes in well-formed plate-like 
prismatic crystals. Copper acetate produces in the cold, in 
solutions of heteroxanthine, a dear-green precipitate. It 
is also precipitated by phosphotungstic acid, and by ammo- 
niaeal basic lead acetate. Picric acid does not give a yellow- 
colored precipitate in solutions of the hydrochloride. Mer- 
curic chloride readily precipitates heterox ant! line in the 
form of a grayish-yellow compound, which on standing 
twelve to twenty-four hours becomes converted into pure 
white crystalline aggregations. This mercuric compound 
can be converted directly into the corresponding silver 
compound by the addition of silver nitrate and ammonia, 
as described under paraxanthine. 

The hydrochloride is characterized by its rather difficult 
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solnbility and ready crystallization {a distinction from the 
paraxantliinc salt). The salt forms large colorless tufts 
of crystals, which on contact with water soon lose their 
transparency and become opaque ; gradually their crystal- 
line tbrm disappears, till finally they completely decom- 
pose with the formation of heteroxanthina This decom- 
position is hastened by warming, either with or without 
addition of ammonia. Platinum chloride produces in the 
hydrochloric acid solution a pret^ipitate of crystalline double 
salt. 

This base resembles paraxanthine in its property of 
yielding a difficultly soluble precipitate with the fixed 
alkali. This reaction is best brought about by dissolving 
the heteroxanthine hydrochloride in warm dilute sodium 
hydrate, when, on cooling, the corresponding sodium salt 
will cryetallize out in oblique-angled plat^. These crystals 
dissolve easily in water, and on neutralization of the 
solution with an acid a dense pulverulent precipitate of 
heteroxanthine forms. It can thus be distinguished from 
paraxanthine, the sodium compound of whieh, on similar 
treatment, yields the characterietic crystalline form of the 
free base. This sodium reaction, therefore, distingnishes it 
at once from xanthine, hypoxanthine, guanine, and para- 
xanthine. It differs from the latter, as has already been 
indicated, in the solnbility and amorphous character of the 
&¥e base ; in the behavior of the hydrochloride and the 
sodium compound, and in the not giving a precipitate with 
picric acid, nor the charai'teristic odor given by paraxan- 
thine on heating. 

In its compoaition, heteroxanthine is, as has already 
been stated, methyl-xanthine and probably is related to if 
not identical with an isomeric body obtained synthetically 
by Gautier (see page 314), The feet nevertheless re- 
mains, that in the urine we have normally a homologous 
series of xanthine boilies, namely, xanthine, heteroxanthine, 
and paraxanthine, 

I R , Paraxanthine, CjHsN.O^. was isolated in 1883 by 
[ Salomon, who has since shown it to Ite a constituent of 
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normal urine, although present in excadingly niintite 
quantity. Thus from 1 2()0 litres of urine, only 1 .2 grammes 
(0.0001 per cent.) of this Htilwtance were obtaimtl. It lias 
not been found in the urine of dogs or in that of leuco- 
(ythtemic patieuts. Tuudichum was the first to isolate 
paraxaiithinc from the urine, and he uained it nrotlieo- 
bromine (1879). 

The method employed for the iaolatiou of this base is, 
with a slight moaification, that of E. SalkowSKI, as 
originally prin>(>sed for the prejKtratiou of xanthine bases 
from urine. The urine iu portions of 25 to 50 litres is 
imide alkaline with ammonium hydrate ami allowed to 
stand tweuty-fbur hours. The clear sujiernatant fluid is 
decanted from the precipitate of phosphates and treate<l 
with silver nlti-ate (0.5 to 0.6 gramme per litre). The gray- 
ish pr»:^ipitat6 of xanthine comiHtunds which tbrma is trans- 
ferrisl to a filtor and washett with water till free from 
chloride ; it is tiicn suspi?nded in water and deeom|X)sed 
with a current of hydiH^^en sulphide. The liquid is filtered 
by de(»ntution and the filtrate is evaiwrated to drj'uoss ; 
the residue is estraeted with 3 per wmt. sulphuric acid to 
remove uric a<iid ; the sohition thus obtains, after it has 
been rendered alkaline with anmionia, is precipitated by 
silver nitrate. 

A lietter pro(«dure is to couHaitrate the filtrate directly 
over the flame or on the water-lwth, till the uric aeid l>e^ins 
to (Tystallize out. It is then filtered, and the filtrate, after 
diluting somewhat with water, is rendered alkaline with 
ammonium hydrate. iu order to precipitate any remaining 
uric acid and phosphates. The whole is allowed to stand 
one or two days, tlien filterc<l, and the filtrate again pre- 
cipitated with silver nitrate. The thoroughly washed pre- 
cipitate of the xanthine eorapounds, now free from uric 
acid, is dissolved in as little as possible ol' hot nitric add 
of specific gravity 1.1, to which & little urea has been 
addM, ami the clear solution is set aside for twenty-four 
hours. The silver salt of hypoxantliine (.'rystalllzes from 
the solution and is filtered off. It can be purified by i-e- 
peated rwrystallization from hot nitric acid, contjvining a 
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little iiiHat, tlieo decomposed witli hydrogfin sulphide, and 
tile filtrate, rendered alkaline witli ammoninm liydrate, is 
conoentrated to a small volume. On standing, pure hypo- 

t xanthine crystallizes out. The filtrate from the silver salt 
of hypoxanthine on being rendered alkaline with ammonium 
tydrato gives a precipitate which fiirnierly was regarded aa 
consisting entirely ot' the xanthine silver compound, but 
which from the investigations of Salomos, has been shown 
to be a mixture of the salts of xanthine, paraxanthine, 
and heteroxanthine. 

The separation of tliests bases is effected by the solubility 
of the free bases in ammonium hydrate. For this purpose 
the precipitate of the mixed silver salts is detwmposed with 
hydrogen sulphide, and the filtrate, rendered ammoniacal to 
remove traces of phosphates and oxalates, is moderately 
concentrated. Aft^r standing twenty-four hours, heteroxan- 
thine crystallizes out, partly in finely termed sheaves and 
tufts of needles, partly in radially striated masses. The 
fluid is decanted from the crust of heteroxanthine which 
forms in the bottom of the beakei-, and after being concen- 
trated somewhat is again allowEd to stand. In this way a 
second crop is obtained, and this is repeated till finally the 
separattxl masaes scarcely give a precipitate with sodium 
hydrate. All the heteroxanthine is now united and dis- 

I solved in a little hot water by the aid of sodium hydrate, 
Afl:er twenty-four hours the greater part of the heteroxan- 
thine crystallizes out in bunches of crystals of sodium 
heteroxanthine, while a small part together with any traces 
of xanthine remains iu solution. The cr^'statline mass is 
dried by pressure, dissolvefl in a little water, and the solu- 
tion neutralized by addition of hydrochloric acid, when the 
keteroxanthinc separates as a pulverulent precipitate. To 
t^move any traces of paraxantnine, dissolve in hydrochloric 
void ; on standing forty-eight hours the heteroxanthine salt 
separates, while the easily soluble salt of paraxanthine 
remains in solution. To obtain the pure &eo hetj!ro.vau- 
thine, the hydrochloric salt is evaporated with amniuniuni 

k liydrate; the well-washed resithic of heteroxanthine is then ^^J 

dissolved iu dilute; aniniunia, the solution filtered, evapur- ^^H 
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ated slowly, and the precipitate which forms is finally w 
with alcohol ainl ether. 

The origioal ammoniaeal iiiother-litjuors of heteroxan- 
thifle yield on fiirther eoncentration amorphous floccules of 
xaathine, which are removed by filtration ; from the filtrate, 
wheu concentrated still more, paraxanthine crystallizes out, 

Paraxanthine is obtained in colorless, glassy, generally 
six-sided plates, which are arranged in tufts or rosettes. 
From very concentrated aqueous solutions it erj'stallizes in 
long, colorless, interwoven needles, which on diying exhibit 
the silky lustre of tyrosin. The crystals belong to the 
raonoclinic system, and may crystallize with as well as 
without water. If water is present on carefiil heatingfllO") 
the crj'stals lose their brilliancy and become whitish ana 
opaque, and at 120'*— 130° the water is completely driven 
otf. The conditions under which crystals containing water 
are formed are not known ; probably by slow crj-stalliza- 
tion, whereas rapid crystallization from hot concentrated 
solution yields tlie anhydrous needles. Atabout 170°— 180° 
sublimation takes place. The melting-point is at about 
284° (Kossel). It can be heated to 250° without melting 
or suflering any d«xjmposition, but when heated more 
strongly it gives ott' white vapors which possess a distinct 
iso-nitril odor, at the same time it carbonizes and takes fire. 
Wheu evaporated with concentrated nitric acid, as in the 
ordinary xanthine test, it gives only a slight yellow residue. 
On the other hand, Weidel's test, evaporation with chlo- 
rine water containing a trace of nitric acid, and then placing 
the dry residue into an ammoniacal atmosphere under a 
bell-jar, gives a beautifiil rose-red color. 

It is difficultly soluble in cold water (though more easily 
than xanthine) ; somewhat more readily soluble in hot 
water, and insoluble in ether and alcohol. It is soluble in 
ammonium hydrate, hydrochloric acid, and nitric acid. Its 
solotions are neutral in reaction. 

Silver nitrate produces in nitric acid, as well as in ammo- 
niacal solutions, a floccnlent or gelatinous precipitate, which 
in concentrated solutions forms an almost perfect jelly-like 
mass. This silver precipitate is soluble in warm nitric 
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arad, &om which on cool in 



^ it separatea in white crystalline 
tufts possessing a silky lustre. On decomposition with 
hydrogen sulphide the silver salt yields pure paraxanthine. 
Pierio acid produces in the hydrochloric acid solution a 
|n^ctpitate consisting of densely felted yellow crystalline 
spangles. 

It is also precipitated hy phospliotnngstic ai'id and copper 

I acetate; mercuric chloride when added in exijess gives a 
precipitate composed of a mass of colorless prisms, which 
are rather difficultly soluhle in cold wattr ; easily in hot 
water. The crystals of paraxanthine mercuric chloride 
when moderately heated become opaque from loss of water 
©f crystallization ; at a higher temperaturt' tliey melt, undei"- 
going at the same time partial decomposition, and on strong 
heating they evolve disagreeable nauseatiug vapors. The 
aqueous solution of this mercuric double salt gives with 
silver nitrate an abundant precipitate of silver chloride, 

» which disappears on the addition of ammonium hydrate 
and is replaced by the floeculent gelatinous prcL'ipitate of 
alver paraxanthine. The hydrochloric acid solution of 
paraxanthine crystallizes with difficulty even when strongly 
concentrated, and on the addition of platinum chloride it 
yields a well-crystallizable orange-colored paraxanthine 
platinochloride. It is not precipitated by basic lead acetate 
nor by mercuric nitrate. 

In its behavior to the xanthine test this base resembles 
hypoxanthine, wbereas in giving Weidel's reaction it 
approaches xanthine. Finally, it coincides with guanine 
by yielding a precipitate with picric acid. Although it 
thus agrees in some of its reactions with all three of these 

» xanthine bodies, it can, however, be easily distin;'ut8hed 
from tiiem by its behavior with the fixed alkalies. Sodium 
or potassium hydrate dissolves these bases and holds tbeni 
in solution, but when adtled to concentrated paraxanthine 
solution the alkali produces a precipitate of long, glittering, 
crystalline spangles, which under the mierosMps are seen to 
consist of delicate rerton^lar, often loQTitudinally striated, 

I plates which are either isolatea or united in tufts. Besides 
these crystals there are also present hexagonal plates resem- 
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liling cyatiu. The iTystala are aolubk- in a, little water, ot 
on warming, but precipilate again on cooling. Paraxan- 
tliine, however, shares witli lieteroxanthine the property of 
lurmmg a ditficultly soluble wmpound with the fixed alka- 
lies, but can be distinguished from the latter bj neutralizing 
with an aeid the solution of the sodium or pobissium com- 
|>oimd, when, in the case of paraxautbiuo, there will be 
obtained a precipitate of the characteristic crystals of that 
base ; whereas beteroxantbine is obtained on similar trcatr 
nient as a dense pulverulent precipitate. This reaction is 
not given by theophylline. 

It is interesting to observe that paraxanthlne is isomeric 
with theobromine, theophylline, and also with a body re- 
cently described by Fischer as dioxy-diniethyl-purpurine. 
In its composition it is, therefore, a dimethyl-xantliina 

The physiological ac^iou of paraxanthiue has been studied 
by Salomon. Injections into the muscles of 1—2 nig. pro- 
duced almost at once a rigor-mojUs-like condition of the 
muscles affected, with diminished reflex excitability without 
previous increase ; 6-8 mg. introduced into the lymph sac 
brings on a gradual loss oT voluntary motion as well as of 
reflex excitability ; the rigor is more marked intlie anterior 
extremities, which have a wooden or waxy consistency. 
Dyspnoea is likewise an early symptom, but as soon as rigor 
sets in the respirations drop far below the normal, and may 
even be absent for several minutes. At times the lungs are 
enormously dilated, same as in theobromme. The heart's 
action is intact till the very last. In mice the rettext-s are 
increased almost to a tetanus. The lethal dose lor frogs, 
subcutaneous ly, was found to be 0,1-5-0.2 per cent, of the 
body- weigh tr— somewhat lower than that of theobromine and 
xanthine. Tiie action of these three bases is very similar. 
They produce in common the slow creeping movements, 
ibl!ow«i by cessation of spontaneous ratiscle action, com- 
plete loss of reflex excitability without a previous rise, 
and the heart's action is notaftected till in the latest stages, 

Cahnine, CjHgNjOj, was isolate in 1871 from Amer- 
'ioui meat-extract by Weidel, Imt hiia not bet-n obtained 
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from muscle-tissue itself. It has also been obtained from 
yeast liquors by SchCtzenberger, and from urine by 
PouCHET. It can be separated from the meat-extract, of 
which it forma alwut one per cent., by fclie following method 
originally employed by \V eidei.. The extract is dissolved 
in six or seven parts of warm water, then concentrated 
baryta water is added, avoiding, however, an excess. The 
filtratfi is precipitated by basic lead acetate. The precipitate 
is (wllected, thoroughly washed and pressed, and finally it 
is repeatedly extracted with a large quantity of boiling 
water. The carnine lead salt is tiius dissolved out; the 
filtrate, after removal of the lead by hydrogen sulphide, ia 
eva[Kirated to a small volume. The concentrated solution 
thus obtained is treated with silver nitrate, which gives a 
.■ precipitate of silver chloride and of the silver salt of car- 
1 nine. By treatment with ammonium hydrate the silver 
r diloride can be completely removed from the precipitate, 
■whereas the silver compound of carnine ia insoluble in that 
' reagent. To obtain pure carnine the silver salt ia decom- 
posed with hydrogen sulphide, and the filtrate, after purifi- 
cation by bone-blacli, is evaporated to crystallization. 

Carnine tbrms white crystalline masses, whicli on drying 
become loose and chalk-like. It is very difficultly soluble 
in cold water, easily and completely in boiling water, and 
recrystallizes on cooling. It is insoluble in alcohol and 
I ether. The taate ia decideilly bitter, and the reaction is 
' neutral. The base is not precipitated by neutral lead 
acetate, but is precipitated by the basic salt as a flocculent 
white precipitate, soluble in boiling water. On heating, 
carnine decomposes and takes fire, and at the same time 
gives off a peculiar odor. It crystallizes with one molecule 
of water, which it losfs at 100°-110°. 

The hydrochloride, CjHgN.Oj.HCl, ia crystalline, and 
decomposes on heating with concentrated hydrochloric acid. 
m The platinochloride, CjHjN.Oj. HCl.PtOl,, forms a fine, 
^h sandy, golden-yellow powder. 

^H with stiver nitrate, carnine unites to form a white floccu- 
^m lent precipitate, insoluble in nitric acid or in ammonium hy- 
^B drate. Itsfbrmulacorrespondato 2(G^,AgNjOj)-f AgNOj, 
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Carnine ia not affeftfd by pi-olonged boiling with conoQi- 
trated barium liydrate. Bromine water decomposes it with 
the evolutioa of gaa and the Ibrmatiou of hypoxanthioe. 
This change takes place aoeording to the folJowiiig equa- 
tion: 

CjHjNp, + 2Br = C^H^N^O.HBr + CHaBr + CO.. 

A similar decomposition into hypoxanthine is brought about 
by the action of nitric acid, though in this case oxalic acid 
and a yellow body are formed. When carnine is evaporated 
with clilorine water containing a tittle nitric acid, the resi- 
due, on contact with ammonia, gives a rose-red color 
(murexide test). This ia due, according to Wbidbl, to 
the formation of hypoxanthine, but it has since been shown 
that the latter base does not give this reaction, and hence it 
is due fo the production of xanthine, or some similar body. 
The physiological action of carnine has been examined 
somewhat by BbCcke, and according to him it is not very 
puisonous. The only eliect observed, when takeu inter- 
nally, was a Huctuation in the rateof the heart -beat, though 
even this was by no means definite in its nature. 

A Base, C^H^NjO, was obtained by Gautieh from 

ireah muscle tissue of beef, according to the method given 
on page 334, and on account of a resemblance in some of 
its properties with xanthine, he named it pseudoxanthine. 
This name is very inappropriate, not only because it differs 
so much in its empirical tbrmula from that of xanthine, 
(JjHjN^Oj, but also because the term pseudoxanthine has 
already been applied by Schultzbn and Filehse to a 
body isomeric with xanthine, which was obtained by the 
action of sulphuric acid on uric acid. 

The free base forms a light-yellow powder, slightly 
soluble in cold water, soluble in weak alkali and in hydro- 
chloric acid. The hydrochloride ie very soluble, and it 
forms stellate prisms with curved taeeg, which resemble 
the corresponding salt of hyjroxanthtne, and to some extent, 
also, the whetstone-shaped crysbila of iiric acid. 

Like xanthine, its aqueous solution is precipitated in the 
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cold by mercuric chloride, silver nitrate, and by ammo- 
niacal lead acetate, but not by normal lead acetate. On 
evaporation with nitric acid, the residue gives, on contact 
with potnesium hydrate, as in the case of xanthine, a beau- 
tiful orange-red coloration (xanthine reaction). It differs 
from xanthine, not only in its empirical composition, but 
also in its greater solubility, and in its crystaliine form. 
It is possible that this base, on account of its great resem- 
blance to xanthine, may have been mistaken, at different 
times, for that compound. 

Gerontine, CH^Nj, is ft new base which was isolated 
by Ghandir in 1 890. It has been repeatedly observed in 
the form of peculiar crystals found in the cell nuclei in the 
liver, particularly of old dogs. The free base is au isomer 
of eadaverine, etc., and resembles it somewhat. It cryetal- 
lizea in needles which are readily solnble in water and alco- 
hol ; possesses a strongly alkaline reaction, and yields the 
radinary alkaloidal reactions. 

The hydrochloride forms prismatic crystals, which are 
deliquescent and easily soluble in alcohol. 

The platinocbloride, C,H,,N,.2HCl.PtCl^, is soluble in 
water and crystallizes in spindle-shaped needles, arranged 
in rosettes. It decomposes at 115°. 

The gold salt forms small needles, and is easily soluble 
in water and alcohol. 

It combines with one molecule of mercuric chloride to 
form deliquescent cubes or rectangular prisms containing 
two molecules of water of crystallization. It deconiposea 
above 100°. This distinguishes it from eadaverine, which 
combines with three to four molecules of mercuric chloride. 
The crystals observed in the liver are probably the phos- 
phate. 

The new base also yields a lienzoyl compound which 
melts at 175°-176°. 

Phyeioloffieal AcHon. — It seems to exert a paralyzing 
action upon tlie nerve centres, and leaves the nerves and 
muscles unnfftH't^'d, 
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Spehmine, C,H,N, or CmH^jN, {?), is the basic substance 
obtained by Schhbineh (1878) from semen, calf's heart, 
calf's liver, bull's ttsticlfs, from the organs of leucocythie- 
mics, and also from the aorfaee of anatomical specimens 
kept under alcohol. In 1888 KuNz reported the prosente 
of a non-poisonous base, CjHjN, spermine or ethvleneimidc 
in eLolera cultures. In this ease it oeeiirs, then, as a pto- 
maine. A confirmation of the identity of the two bases is 
necessary. Previous to this, however, it had been known 
for a long time under tlie name of "Chaecot-Neomass 
or Letden crystals," which are the phosphate of spermine. 
These peculiarly shaped crystals have been found in the 
sputa of a case of emphysema witli catarrli, in the bronchial 
discharges in acute bronchitis, as well as in sputa of chronic 
bronchitis, in the blood, spleen, etc., of leucocythfemics and 
aniemicB, and in the normal marrow of human bones, as 
well as in human semen. Altogether it seems to have a 
very wide distribution, especially in certain diseases, as in 
lencocythffimia. 

It can be prepared from fresh human semen in the fol- 
lowing manner : The semen is washed out of linen by a 
little warm water, evaporated to dryness, boiled with alco- 
hol, and the insoluble portion is allowed to subside by 
standing some hours. The precipitate is filtered off, washed, 
and dried at 100°. This residue, containing the spermine 
phosphate, is triturated, and tlien extracted with warm 
ammoniacal water. From this solution, on slow evapora- 
tion, the phosphate crystaUizes in its peculiar-shaped 
crystals. 

The free base is obtained, on decomposing the phosphate 
with baryta and evaporating the filtrate, as a colorless 
liquid, which, on cooling, crystallizes. From alcohol it 
crystallizes in wavellite- shaped crystals, which readily 
absorb water and carbonic aiid from the atmosphere. 
They are readily soluble in water and in absolute alcohol, 
almost insoluble in ether, and possess a strongly alkaline 
reaction. When heated with platinum it gives off thick, 
white fumes, and a weak ammoniacal odor. With potas- 
aium bismuth iodide it yields orange-colored crystalh'ne 
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floccules, which, under the microscope, appear as long, 
sharp, plumose needles — distinction from diethylenediamine. 
The aqueoiis solution of the base is precipitatiKl by phos- 
phomolybdic and phosphotungstic acids, tannic acid, ^Id 
and platinum chlorides. It cannot be volatilized from 
alkaline solution by st«Lni without undergoing decomposi- 
tion (Majert and Schmidt). It is not poisonous. 

The hydrochloride, CjjH„N.HCl (?), cryBtallizes in six- 
sided prisms, imited in tufts, and is extremely soluble in 
water, almost insoluble in absolute alcohol and ether. 

The aurochloride, CjH.N.HCl.AudsC?), forms shining, 
golden-yellow, irregular plates, and when freshly precipi- 
tated it is easily soluble in water, alcohol, and ether, but 
the dried salt is incompletely soluble in water. The aque- 
ous solution, treated with magnesium, gives off a sperm- 
liki' odor. The platinocliloride crystallizes in prisms. 

Thephosphate,{(^H,N),.H3PO,-|-3H,0(?), forms prisms 
and slender double pyramids arranged in rosettes. It is 
difficultly soluble in hot water, insoluble in alcohol, easily 
BoluVile in dilute acids, alkalies, and alkali carbonates. It 

I melts with decomposition at about 1 70°. It is probable 
tibat the above formula does not represent the salt as found, 
aod from theoretical considerations Ladbnbubg was in- 
tiined to think that SCHREiNER'a phosphate had the com- 
jwsition (Cj,H5NH).Ca(P0()j. 
Ladenburg and Abel prepared in 1888 a compound, 
ethyleneimine, whicli was first supposed to be isomeric with 
spermine. The reaction whereby it is prepared is similar 
to the one by which Ladenburg effected the synthesis of 
piperidine. Ethylenedianiine hydrochloride is subjected to 
dry distillation, when it decomposes into ammonium 
|- chloride and the hydrochloride of the new base. The re- 
I action was supposed to be represented by tlie equation : 
CHjNHj.HCl CHj, 
I = 1 >NH.HC1+NH,C1. 

CH,NH,.HC1 CHj 

Since then Ladenbl'BQ has shown that the boiling-point 
J- of this compound did not aj; re*' with what it should be 
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theoretieally, if represeated by the above formula. A de- 
termination of the vapor density showed that the molecular 
weight was twiee that corresponding to the formula given, 
and hence was C^H,„Nj. Majert and Schmidt assuming 
spermine to l»e ethyleneimine, as was apparently shown by 
Ladenburg and Abel's investigation, attempted to pre- 
pare the latter on a manufacturing scale with the expecta- 
tion that it might be used as a substitute for Bhown- 
Sbquabd's testicular fluid. They were soon able to show, 
however, that ethyleneimine did not possess the composition 
assigned to it, but that it was identical witli Hofuasn's 
diethylenediajnine (pipcrazine), 

This was soon confirmed by Hopmann and by Ladenbcro. 
Spermine was tlien assumed to be identical with piperazine, 
but recently (1891) Majert and Schmidt compared some 
spermine from Scureiner witli their own pipcrazine and 
found the two bases to be distinct, especially with reference 
to the phosphates and the potassiiim bismuth iodide pre- 
cipitates. 

About the same time (1891) Poehl announced that the 
composition of spermine was more complex than what it 
had been hitherto supposed to be. He ascribed to it the 
formula CiuHjjSj. The formula of the platinum salt cor- 
responded to C,„H„N,.4HCI.2PtCl, ; and tliat of tlie gold 
salt was represented by C,„H„N,.4HC1.4AuCl,. 

From tliis it would appear that spermine is essentially 
distinct from piperazine. The composition and structure 
of this interesting base must therefore be considered as not 
settled. 

The nuclein of the spawn of salmon has been found 
by MiESCOBR to exist in a salt>-like combination with a 
basic substance, to which he applied the name protamine. 
PiCARD has found it in tlie same source, together with 
hypoxanthine and guanine, but no xanthine. The formula 
assigned to this base is quite complex, and cannot be con- 
siileretl as definitely settled. Analysis of the platino- 
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I ohloridcBiivo: rt=24.fi4, 01=2(1.45, N=15.0.'{, C-'22.m, 
I H=4.15, 0=^fi.aH, Tlio liydrtKflilopklti liirmii an aninr- 
f phoua, liyK''™'™P'Ci "tit-ky niiiHS. 

LBUfMMATNJW OF THB OltHATININR GrouP. 

The kiiowlwlfp^ of tlic fornmtioii of biisio MiibatuniiOB 

(ptomaliit's) (luring tlio ptitrcttK'tion uf nitroKf'nuiiR orKiiiiiti 

matter, Iwl to n scrire of invoatiftutlonB iiiiviiig for tlii.>ir 

object tlio isolation of iLllcnloidnl lukliru, if such cxisti'd, 

from till' rmniiiil liviii^; liMMucM nf llic or|iiiiiiHrii. A iiumlH-r 

of .■(mi|».unils ],<,ss,^siriK iilkiiliMiIiil |.rn|,rH.i,.«, ewh lis tlic 

xunthiiic .lrnv;il!vis, !ilirii<l_v il.hrrilir.l, hii.l JKrn known 

for a liiiiji liiiii', iilllujiiuli tlicir |iliyHiolo^i»nl ri'lutioii to 

the auiinal (■coiioiiiy whh littli-, if nt all, lunIcrBtood. 

OuAKKHCHi and M(»«(), in tlip TOiirsc ol' tlicir nwiircliom oii 

ptoiualni'8, wiT(> miiimn the first to dirfst tlu'ir iitU-ntion to 

the po8»il>l(- ]jr('Hi'ii<'i' ul" ptomaluo-like bixiicH in frcsli tiwiies. 

They nlilniinii in tiiuw caers where the extraction wae 

ejirrirtl (in wiilunit. llii- use' (if aoidfl, oidy very iniinito traws 

of an Hlkiiloi.lal l,M.lv {,,.,s.'.il)lv dmlinc), ami nii inrrt Bub- 

8tan(S', nictliyl-livdarilnhi, wlilrli, attiiou^li il <iiri wiircely 

hcelawuil asift liriMiri'iuiiiiuiiiiii, in cjusclv itIiiIi'iI In cn'utint!, 

■nd for thin rcamn will \i<- iI'MtIIu'iI iiI.'iIm' cikI <>l' iliiM see- 

_ tion. Other Italian clniiiiHtM, oh I'ATKit\(> and Bl'lCA and 

[ MARINO-Zirtx), had uIho shown tliat the noritial Miiids and 

P tiRHUei of tlic ImhIv wei-e <'npai)ln of yirldinj^ MiilistiineeB 

I alkaliiidal in nulnrc, and tliesM? wvra regarded hy tlieni an 

idcnttdil willi, i>r Miiniliir to, the ptonia'fncH of Hklmi. 

Ar^iininc, ('„ll|jN,l>.j, \n a Ihihu olitaincd hy ficiimxR 

. fnim the Limu'lutin ul lupine flpmiitB, and aeeordinjt to liini 

I it is relate<l to creatinine and |)0SBiblv to the leiiconiafnes of 

I Gautiku. LvButinc, C„ir,,N,0., ami lyaatininc, (;gH„N,0, 

I ■» analt^oOB lianeH, obtained oy Drkchhki, from casein 

I (pH^e 242). TliiHc three ImacH eiin pmiwrly Ix^ looked npon 

I a important Hoiu-eeH of the nitrogeiiona bases found in 

L animals and plantH. 

IjIKIiukh'ii, in IHfii), diaeovered in normal urine an 
Oxidation-[jr(Hliiit of r4ioline, probably identical with 
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betaine (pp. 249 and 343), and PotrcHET, in 1880, announced 
the presence in the eanie aecTftion of allantoin, carnine (page 
344), and an altaloidal base, which, however, was not 
obtained at that time in sufBcient quantity to permit a 
determination of its charaoter. Siibettiiiently he succeeded 
in isolating this base as well as anotlier closely related 
body, both of which will be described in their proper 
place. GA0T1ER has been engaged for a nuinlier of years 
in the study of the leitcoma'ines occurring in fresh niu9(Je 
tissue, and he has succeeded in isolating several new 
compounds. 

A number of these substances are credited witli possesft- 
ing an intensely poisonous action, and if such is the case 
it is very evident that any undue accumulation of sucli 
bases in the system, resulting from an interference in the 
elimination, may give rise to serious disturbances. The 
amount of these substances present in the daily yield of 
the uriue is very small — so small, indeed, that we must 
rather look upon this small quantity as having escaped 
oxidation in the body. It is well known that the living 
tissues possess an enormous oxidizing and reducing power, 
and, according to GAnriEH, there is constantly going on 
in the normal tissues of the body a cycle of changes — the 
formation of leucomaines and their subsequent destruction 
by oxidation, before they have accumulated in sufficient 
quantity to produce poisonous effects. 

The following method was employed by Gaotieh in 
his study of the leucomaines of muscle tissue : The 
finely divided frfeh beef-meat or the Liebig's meat extract 
is treated with twice its weight of water, containing 0.25 
gramme of oxalic acid, and one to two c.c. of commercial 
peroxide of hydrogen per litre. The purpose of thi-sc 
precautions is to prevent fermentation. At the end of 
twenty-four hours am liquid is raised to the boiling-point, 
then filtered through linen, and the residue is tboroughly 
stpeezed. The filtrate is again raised to the boiling-point 
in order to coagulate any remaining albumin, and finally 
filtered tlirougb paper. The clear bipiid thus obtained is 
evaporated in a vacuum at a tj.'nnicraturL' not exce 
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50°, and the acid syrupy residue is extracted with 99 
per cent, alcohol ; the alcoholic extract is in turn 
evaporated in a vacuum, and the residue taken up with 
warm alcohol of the same strength. The filtered alcoholic 
solution is set aside for twenty-four hours, and any deposit 
which forms is removed by filtration; ether (65°) is then 
added as long as a precipitate continues to form, and the 
whole is again allowed to stand for twenty-four hours. 
The ether-alcohol i<^ filtrate from this prccipibitc is evapo- 
rated first on the water bath, and finally in a vacuuiii ; 
»<i)e slight residue obtained contains a small quantity of 
basic Bubstances possessing an odor of hawthorn. 
The syrupy precipitate produced by the ether partially 
ciTBtatlizes on standing j a little absolute ether is tlien 
added, and after standing Several days more the liquid is 
separatefl by means of an aspirator from the deposit of 
crystals (A). These are first washed with 99 per cent. 
alcohol, and then extracted with boiling 95 per cent. 
alcohol. The alcoholic solution, concentrated by evapora- 
tion, gives, on cooling, a deposit of lemon -yellow-colored 
crystals of xantho-creatinine (E), from the mother-li^iuor 
of which there separates a crop of new crystals (C). The 
residue of the crj'stals (A) left after treatment witli tlie 
boiling 95 per cent, alcohol is extracted with boiling water, 
which aflierward gives a slight deposit of yellow i^-whit« 
crystals of araphi-t:reatine (D), The aqueous mother-liquors 
on concentration yield another deposit of onmge-colored 
crystals of cruso-creatinine (E). GAUtier has, fiirther- 
more, sepiirated tliree other bases from the mother-liquors 
of the crystals obtained as above. Thus, a base which he 
named pseiidoxanlhinc is stated to have been obtained by 
evaporating the alwholic mother-liquors of B, D, E('?)in 
a vacuum, taking up tlic residue with water, and precipi- 
tating the hot solution with copper acetate. The precipitate 
is decompoBCfl with hydrogen sulphide, and the aqueous 
solution, tittered while boiling-hot, yields a deposit of a 
sulphur-yellow powder of pseudoxanthine. Thus, by the 
H use of alcohol, etlier, and water, Gadtier, atwirding to his 
^bstatement, has succeeded in obtaining a sharp sc]):tnitioii 
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tx'twix'n tlifsc Iwises, The importanc* of the aubject is eadi 
as to rwiuiro not only cfonfirmatlon of the results arrived at 
by Gautier, but also a more dt^tatled and exact study of 
the cheniif^l and pliysioWical behavior of tlicse !>odie8. 

To th« physiolf^ieal chemist tht«e substances are of 
especial inti^rest because of the possible relation which they 
b«iir to tile formation of creatine and creatinine in the 
muscle. It will be seen that in the leucoma'ines of this 
group, as well as in those of the uric acid group, hydro- 
cyanic acid plays a very important part in the molecular 
structure of these bases. Just what the fiinetion of this 
cyanogen group is, eo far as the vital activity of the tissues 
is concerned, we know very little, though recent investig^ 
tions seem to show that the seat of the cyan^^en formation 
lies within the nucleated cell, and ia intimately connected 
witli the I'unctions of the nucleLn molecule. 

CHUSO-CREATiNiNf;, CjHgNjO, forms orange-yellow cits- 
tals which are slightly alkaline in reaction, and pt^sesa a 
somewhat bitter taste. It yields a soluble, non-deliquescent 
hydrochloride crj-stallizing in bundles of needles ; also a 
soluble platinochloride which forms tufta of beautifid, 
slender prisms. The aurochloride is obtained as slightly 
soluble, crystalline grains, and, like the platiniun double 
salt, is partially decomposed on heating. It is not precipi- 
tated by acctat« of zinc or by mercuric nitrate, but is pre- 
cipitated in the cold by solutions of alum. Zinc cbloride 
produces in somewhat concentrated solutions a pulverulent 
precipitate which dissolves on heating, and recrystallizes 
again when it I'ools, Like xantho-creatinine, it is not thrown 
out of solution by oxalic or nitric acid, and is thus distin- 
guished from iirea and giianidine ; nor is it precipitated by 
acetate of copper — a distinction from xanthine derivatives. 
Mercuric chloride produces an abundant flocoulent precipi- 
tate which on heating partially dissolves, decomposing at 
the same time. Sodium phosphomolybdate gives a heavy 
yellow precipitate, whereas potassium mercuro-chloride and 
iodine in potassium iodide have no effect Potassium ferri- 
cyanide is not reduced. This base differs in its composltdon 



£ 



CHEMISTRY OF THE I,E UCOM AINES. 



337 



from creatiniue by HCN, the elemente of hydrocjranic acid, 
but in its crystalline form and alkaline reaction, and some 
other properties, it would seem to be closely related to this 
latter substance. Because of this apparent relationship and 
its golden-yellow color, Gautier natued it cruso-creatinine. 

Xahtho-cekatinihe, CjH||^,0, is the most abundant 
of muscle leucomaraes. It crystallizes in sulphur-yellow, 
thin spaogles, consisting of nearly rectangular plates which 
resemble somewhat those of cholesterin. It is soft and 
talc-like to the touch ; possesses a slightly bitter taste, and 
when dissolved in boiling alcohol it gives off the odor of 
aoetamide, though ordinarily in the cold it has a slight 
cadaveric odor. When heated, the eubstance evolves an 
odor of roaat meat, carbonizes in part, and yields ammonia 
and metliylamine. The crysta,Is are amphoteric in reaction, 
are soluble in cold water, and can be recrystallized from 
boiling 99 per cent, alcohol. 

It forms a hydrochloride crystallizing in plumoso needles, 
and a very soluble platinochloride ; the aurochloride crj-s- 
tallizes with difficulty. Like creatinine, it is precipitated 
by zinc chloride ; the yellowish- white precipitate dissolves 
with partial dissociation on warming, and on cooling sepa- 
rates as isolated or stellate groups of fine neetUes which 
poeaeas the composition (C5H,^N,0)jZnClj. Silver nitrate 
throws down, in the cold, a flocculent precipitate which 
likewise dissolves on heating, and rewrystallizes in needles. 
Mercuric chloride produces a yellowisli-white precipitate. 
It is not precipitabM by oxalic or nitric acid, nor by potas- 
tassio-raercuric chloride, or iodine in potassium iodide. 
Tannin produces in time a slight turbidity, while sodium 
phosphomolybdate gives a heavy yellowish precipitate. 
This base is distinguished from the members of the uric 
acid group by not giving a precipitate with copper acetate, 
H not even on heating. 

H On gentle osidation with potassium permanganate it is 
H converted into a black substance insoluble in acids and 
^^ alkalies, and resembling azulmic acid. By treatment with 
B recently precipitated mercuric oxide, it yields a substance 
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whipti «in be rotTystalliiied from boiling 93 per AMit 
alcohol in m-odlfs whitrh posaess a slight alkaline reattJon, 
and forma a slightly soluble, erystalline platinochloride. 
Tills new subetanee is precipitated from aleobolie solution 
by the atlditlou of ether, as amass of beautifbl, white, silky 
needles resembling caffeine. These crystals melt at 174° ; 
caffeine melts at 178°. 

Xantho-ereatine, given in fairly lai^e doses, ia poison- 
ous, producing in animals depression, somnolence, and 
extreme fatigue, accompanied by frequent defecation and 
vomiting. In its general properties this base resembles 
creatinine very much, and it was on account of this reseni- 
blan(« and its yellow color that it was name<l xantho-crea- 
tinine. This relation becomes especially evident since tJiis 
base appears in the physiologically active musi'le at the 
Slime time with creatinine, con.stitu ting sometimes one-tenth 
of the creatinine present. Monari has (band this base in 
the aqiieoiiH extrat-t of the muscles of an exhausted dog, 
and also in the urine of soldiers tired by several hours' 
march. He also deraonstntted its presence in the urine of a 
itog after previous injection of creatinina 

Aui'Hi-caEATiNE, CjH^,NjO„ is slightly soluble and 
crystallizes from boiling water in yellowish-white oblique 
prisms, which possess, if any, a slightly bitter iz^. 
When heated to 100° it decrepitates somewhat, and at 
110° it liecomes opaque white. Potassiiun hydrate dites 
not decompose it in the cold. Although a weak base, it 
combines to form salts just as the preceding members of 
.this group. The hydrochloride is cr)'stalHne, and is not 
deliquescent ; the platinochloride forms rhombic plates, 
whic^i are soluble in water, but are insoluble in alwolute 
alcohol ; the aurochloride (Tystallizes in easily soluble, very 
small, microscopic crystals, which are tetrahedr^ to hexa- 
hedral in their habit. It ia not precipitated by copper 
acetate or by mercuric chloride; nor does it give the 
murexide test, or the xanthine reaction. Sodium phoppho- 
molybdate produces a yellow, pulverulent pre(ipitiit<'. In 
its properties it resembles ci-eatine, and indeetf Gadtiek 
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thinks it may be possibly a combination of creatine, 
C.H,Nj,0„ and a liase 0X0^40,, whieb, it will be seen, 
differs from the former only by a HCN group. Thia 
setond compound, if it really exists, has an analogy in 
eruso-ereatinine, the relation oi' wbieh to creatinine may be 
esprcBsed by the equation : 

C,H5N".0 = C,H,NjO+HCN. 

In a similar manner, amphi-creatine may be regarded as 
C,H„NjO. = 2C,H,N'30j+HCN. 



A Bask, ChHj4N,„0b, waa isolatetl by Gautiek from 
the mother- liquors of santho-creatinine. It crystallizes in 
colorless or yellowish, tliin, apparently rettanguJar plates, 
which are tasteless, and possess an amphoteric reaction. 
The hydrochloride ibrma bundles of fine needles ; the sul- 
phate yields a coniiised mass of needles ; the platinochlo- 
ride is soluble, non-deliquescent, and crystalline. When 
. heated witli water in a sealed tube at ]80''-200°, it gives 
off ammonia and carbonic acid, and is converted into a 

, new base, which, however, has not l)een studied. This 

1 Inaction may be expressed l>y the equation : 

C„H„N,„0, = 2C,H..N,0,+C0(NHA. 

The urea which at first forms, is, in turn, decomposed, 
thus: 

CO{NH,)j+H,0 = CO,+2NH3. 

I It is to be observed that tills base differs in composition 
' iroin the following one l)y HON, tlic hydroiyanic acifl 
[ moletAile. 

A Base, C„H,jN,,()j, was obtainc'd from the motlier- 
, liquors of cruso-creatinine, and forms i-ectangular silky 
f plates, resembling those oi' the prec-ediug base and of 
[ lantho-creatininc. It forms erystallizable salts. 

These complex liases will require further study in order 



840 BACTERIAL POISONS. ^^M 

to elucidate their physiology, and tlie possible cooDection 
which they may have with Uie formation of urea, and of 
the creatinine derivatives already dcscrilxxl. 

METHYL-IIYDANTOifN, C.H.NA. = *^\NH^' Co'' 

— This substance was obtained by Gitareschi and Mosso 
(1883), by extracting fresh meat with 1-1.5 vohimeB of 
water (witliont addition of acid), tor two hours at SC-eO", 
The aqueona extract was evaporated on the water-bath and 
the residue was extracted with 95 per cent, alcohol. This 
alcoholic solution, after tlie alcohol was driven off, was 
taken up in water, filtered, and the aqueous solution was 
first extracted with ether, then rendered alkaline witli 
ammonia, and again extracted with ether. The alkaline 
ether extract gave on evaporation a white crystalline residue 
of mcthyl-hydantoin. The amount of this substance 
present in flesh appears to be quite variable, since, at times, 
none whatever can be extracted. Albertoni has isolated 
it from dog's flesh. Previous to its discovery in flesh by 
GuAHEfiCHi and Mosso, it was known for a long time as a 
decomposition-product of various nitrogenous bases of the 
body. Thus, Neubadeb prepared it by heating creatin- 
ine with barium hydrate, while Huppert obtained it by 
fusing tt^ether sareosine with urea. As it ot-curs in muscle 
it is probably derived from the creatine, though under 
what conditions this splitting up takes place is not definitely 
known. Acetic and lactic acias are incapable of effecting 
this change. At all events, it belongs to the nreides, and 
is intermediate between creatinine, sareosine, and urea 
Compare the above formula with that of creatinine, p. 226. 
Methyl-hydantoin forms prisms whidi are easily soluble 
in water and alcohol, and but slightly soluble in cold ether. 
It melts at 156° (Salkowski) ; at 159°-160'' (GdahebcHi 
and Mosso). Its aqueous solution is slightly acid in reswv 
tion. On strong heating it volatilizes. When fused with 
potassium hydrate it gives off ammonia; it reduces mercuria 
nitrate in the cold. Treated with mercuric oxide it assumeB 
an alkaline reaction, smd tlic filtrate on heating yiddfl 
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metallic mercury. With silver oxide it forma pearly lanceo- 
late plates having the composition C^HjNjOj.Ag. It does 
not give any alkaloidal reactions, 

UnDETEKMINKD LEOtX)MAlNES. 

LeucoTttdines of .Expired Ah; 

It was shown at quite an early perioil that exhalations 
from animals contain, besides an increased amount of car- 
bonic acid, some organic matter, tlie nature of which, on 
account of tlie exceedingly minute quantity in wliicfa it 
occurs, has never h&m satisfactorily determined. Never- 
theless, various observers did uot hesitate to ascribe to it 
the ill effects TODSequent upon breathing impure air, while 
at the same time the carbonic acid formed during respira- 
tion was considered as either entirely inert op as insignifi- 
cant in its action. Thus, respired air from which moisture 
and carbonic acid have been removed, but which still contains 
the organic vapors, lias been found to be highly poisonous. 
On the other hand, if the respired air is drawn through 
a red-hot tube to destroy the organic matter, the air thus 

{)Upified is capable of sustaining life even in presence of a 
arge percentage of carbonic acid. While it cannot be, 
therefore, doubted that the organic matter of expired air 
plays a most important part in producing the well-known 
noxious effects resulting from breathing confined and vitiated 
air, nevertheless it would seem from experiments made by 
Ahqds Smith that the increase of even sucJi small quanti- 
ties of carbonic acid in the air, as from 0,04, the normal 
amount present, to 0.1 per cent., is capable of producing 
systemic disturbances characterized by a decrease in the 
pulse-rate and an increase in the rate of respiration. 

Smith is consequently of the opinion that the constant 
lowering of the pulse in impure air occasioned by the pres- 
ence of carbonic acid must have a depressing effect on 
the vitality. Whatever ill effects the carbonic acid may 
produce of itself, it remains certain that thia gas is not the 
most potent and most injurious ronstituent of respired tar; 
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and tlio invi«tigatious of Hammond, Nowak, Sbbqen, 
and others, point noncluaively to the organic matter as the 
direet and immediate agent which prochicea those symp- 
toms of sickness and nauseu experienc'ed in Imdiy ventilated 
closed rooms. 

Of special importance to the sanitarian and physician is 
the worK on the natnre and at-tion of the poisonous principle 
of expired air which has lx>eii done by Brown-Sequabd, 
d'ArsonvAT,, and R, Wubtz. The first two oliaervers 
found that the vapors exlialed by dogs, when eondenstid, 
and the aqueous liquid {20-44 c. c.) thus obtained was in- 
jected into other animals, death was produi-ed, generally 
within twenty-four hours. The symptoms observed were 
dilatation of the pupil, increase of heart- beat to 240-280 
per minute, which may last for several days or even weeks, 
while the temperature reniaius normal ; the respiratory 
movements arc f^nerally slowed, and usually there is ob- 
served paralysis of the posterior membei-s. Choleraic diar- 
rhoea is invariably present. As a rule, it appears that 
larger doses cause labored respiration, violent retching, and 
contraction of the pupU. A rapid lowering of temperature, 
0.5° to 5°, is aometimea observed. These same symptoms, 
apparently in aggravated form, were obtained when the 
liquid had been previously boiled for the purpose of de- 
stroying any germs that might be present. The appearances 
presented on post-mortem were much like those observable 
in cardiat! synt-ope. 

The above work has been confirmed, in part, by R. 
WuRTZ, who, by passing expired air through a solution of 
oxalic acid, has obtained laesides ammonia a volatile organic 
base which is precipitated by Bouchardat'8 recent and 
by potassio-mercuric iodide. It is said to form a platiniuu 
double salt crystallizing in short needles, and a soluble 
gold salt. When heated to 100° it gives off a peculiar 
odor. This basic substance may properly be looked upon 
as a leucomame. 

Dastre and Loye and Lehmann and Jessen liave 
repeated the above experiments with wholly n<^tivc re- 
sults. It is possible that the most highly poisonous aul)- 
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stances formed in thtf body when there is an iiisnfficient 
air-supply are not eliminated in the exhaled siir. 

Sewer-air, aeeording to observations made by Odi.ing, 
contains a basic substance which is prolmbly in eomiiosition 
a compound ammonia. It contains, however, more carbon 
than methylamine and less than ethjlaminc. 

It should be remarked that Jackson has (Dec. 1887) 
announced the preaenee in expired air of quantities of car- 
bon monoxide gas sufficient to produce the ill effects ordi- 
narily attribute*! to the organic matter. The presence of 
this poisonous gas must first be fiilly demonstrated Ijefore 
it can be taisen into account in the consideration of the 
toxicity of air; certainly, even if present, it cannot explain 
tlie results obtained by the French investigators as stated 
above. 

According to Ilosva, expired air contains nitrous acid. 
This may possibly lie derived trom that which is constantly 
being formed in the mouth, proljably by the rctliictiun of 
nitrates (Miller). 

Leucoindines of the Unne. 

A number of basic substances liave lieen isolated at 
difterent times from the urine, and on that account they 
may be properly classed as leucoma'ines. Thus, Liebreich 
(1869) found in the urine a Iwise which apparently was an 
oxidation*pro<lu(rt of choline, and which nas since been 
r^arded as identical with betaine. In 1866 DuPRft and 
Bence Jones found, among other things in Uie urine, an 
alkaloidal body wliirh in sulpliuric acid solution posseted 
a blue fluorescence (see p. 347). Most of the members of 
the uric acid group of leucoma'inea have been detected in 
the urine and on account of their well-defined nature they 
are descril>ed by themselves. In tlie urine aud feces of 
cystinuria Udranszky and Baumasn discovered the well- 
known ptomaines, cadavcrine and putresciue. For isola- 
tion, see pp. 207 and 208. 

In 1879, Thudichcm announced the presmec in the 
urine of four new alkaloids, one of which urntheobroniine, 
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waa aubsequently redis<x)veretl by Salomon and named 
parasantliiiie (page 321). Another base whicJi was ob- 
tained, namely, reducine, yielded a barium salt whicli readily 
reduced the suits of silver and mercury. Its formula prob- 
ably corresponds to C„H„N O, or C,H„N,0,. A tliiid 
alkaloid, paran-ducine, formed a zinc compound having tJie 
comijosition GbHjN.O.ZdO, A fourth Iwse is said to give 
a compouud with platinimi chloride and to contain an aro- 
matic nucleus (aroraine;. Besides these four bases Thudi- 
CHUM describes two other substances which he considers 
biisic. TL(se aif urochromc, the normal pigment of the 
urine, and creatinine. 

In 1880, PoucHET annoiineed the presence of t^arnine, 
CjH.NjOj, and of another base which he subsequently ana- 
lyzed and found to have either tlie composition CjH,,N,Oj 
or CjH,,NjOg. This substance formed deliquescent fiisi- 
form crystals, sometimes crystallized in bundles or irregular 
spheres, which possessed a slightly alkaline reaction and 
coiubinwl with acids to form crystallizable salts. It was 
soluble in dilute alcohol, almost insoluble in strong alcohol, 
insoluble in ether. The hydrochloride yielded double salts 
with gold chloride, platinum chloride, and mercuric chlo- 
ride. The platinooiloride formed deliquescent golden- 
yellow rhombic prisms. This base occurred in the dialysate 
(see page 265), From the non-dialyzable portion, Pouchet 
obtained anotfier base corresponding to the formula 
CjHjNOa, which he calls Uie "extractive matter of urine," 
It yields precipitates with the general alkaloidal reagents, 
is n on-crystal fizable and is altered on exposure to air and 
resinificd by hydrochloric acid. On the addition of plati- 
num chloride it is rapidly oxidized, but does not yield a 
platinochloride. The same author rtgards the urine as 
containing very small quantities of some pyridine bases 
which are analogous or identical witii those obtained by 
Gadtier and Etabd from decomposing fish. 

The distinguished Italian toxicologist Selmi was, per- 
haps, the first to draw attention to the probable formation 
of basic substances in the living body during those patho- 
logical changes brought on by the presence of pathogenic 
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t germs; and in a memoir presfinted to the Academy of 
[ Sciences of Bologna, in December, 1880, he amionneed 
that infections diseases, or those in which there occurs an 
internal disarrangement of some element, father plasmic or 
histological, must be accompanied or followed by an elimi- 
nation of more or less characteristic products, which would 
be a sign of the pathological condition of the patient. To 
support this theory he examined a number of pathological 
urines, and succeeded in obtaining &om them basic sub- 
stances, some of which were poisonous, others not. Thus, 
a specimen of urine from a patient with progressive paraly- 
sis gave two bases strongly resembling nicotine and coniine ; 
from other pathological urines tlie bases obtained usually 
had either an ammoniacal or trimethylamine odor. A 
strong confirmation of Selui's theory is seen in the obser- 
vations made by Boochard, Villibrs, Lepine, Gau- 
XtER, and others, all of whom have found basic substances 
in the urine of various diseases. 

It is now a well-established fact that the urine of disease, 
as cholera (Bodchahd) and septictemia (Feltz), ete., is far 
more poisonous than normal urine. That poisons which 
are generated within the body by the activity of bacteria 
can oe excreted in the urine is seen in the fact that im- 
munity to the action of bacillus pyocyaneus has been con- 
ferred on animals by previous injection of urine taken from 
animals ino<?ulated with that bacillus (Bouchard) or with 
filtered cultures of the same (Charrin and Roffer). 

Unfortunately, none of these bases supposedly character- 
istic of pathological urines have beeu isolated in a chemi- 
cally pure condition ; nor has the study of normal urine 
been carried sufficiently far to show the positive absence of 
such bodies. 

V1L.LIERS has denied the existence of alkaloids in normal 
urine, and this has l>een confirmed experimentally by 
Stadtmaqen, who, moreover, agreed with Fei.tz and 
RiTTER that ^ecific organic poisons are absent from nor- 
mal urine. The observed physiological action is there- 
fore lai^ely (70-80 per cent.), or wholly, due to the potas- 
sium salts present. 
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Leucomdines of the S<diva. 

According to the statement of Gautier (1881), normal 
human saliva rontaina divers toxic suletances in small 
quantities which differ very mudi in their action according 
to the time of tlieir accretion, and prol>ably according to 
the individual gland in which they are secreted. The 
a<iue0U3 extract of" saliva at IW is poisonous or narcotic 
in its action taward birds. To show the presence of basic 
aubstauccs, the aqueous extract was slightly acidulated with 
dilute hydrocblorie acid, then precipitated by Mayer's 
reagent ; the precipitate was washed, then decomposed by 
hydrogen sulphide, and the solution filtered. The filtrate 
on evaporation gave a residue consisting of microscopic 
slender needles of a soluble hydrocliloride. This salt, 
purified by extraction with absolute aleohol, forms soluble 
crystalline, but easily decomposable double salts with 
platinum chloride and with gold chloride. The solution 
of the hydrochloride produces an immediate precipitate of 
Prussian blue in a mixture of potassium ferricyanide and 
ferric chloride, and when injected into birds produces a 
condition of stupor. 

Leummaines ffom other Tissues of the Body, 



Seijui's work upon the forumtion of ptomaines during 
the process of putrcfiiction led many investigators to doubt 
the production of these bases by the decomposition of the 
proteid or other oomplex molecules. To substantiate this, 
a number of chemists, especially Italian, endeavored to 
show that Selmi's bases, to a lai^e extent at least, exist 
preformed in the various tissuis. Patern6 and Spica 
(1882) succeeded in extracting from fresh blood as well os 
from fresh albumin of eggs substances identical, or at least 
similar, to those designated uuder the name of ptomaines. 
Their observations, however, were confined to the detection 
of alkaloidal reattions in the various extracts obtained by 
Dbagendorfp's metliod, and at no time were thej- in 
of a definite chemifal individual. Marino- 
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Zuco (1885) was more sureeasful, inasinuch as he siiceeetled 
in ohtoiaing from fresli tissues and organs relevant quan- 
tities of a base identical with choline, and, in addition, he 
obtjiined extrenkely minute traoea of other alkaloidal bodies. 
One of these, obtained by the Stab method from the liver 
and Bploen of an os, exhibited in hydrochloric acid solution 
a beantiful violet fluorescence resembling very much that 
of the salts of quinine. A similar base, probably identical 
■with this one, was obtained by Bence Jones and DuPRii 
(1856) from liver, nerves, tissues, and other organs, and 
was named by them "animal chinoidinc," A greenish- 
blue fluorescence is frequently observable In the nleoholie 
extrads of decomposing glue as well as from other putrefy- 
ing substances. From a number of very thorough ejtperi- 
menta, he conchided that basic substances do not preexist 
in fresh organs, but that the acids employed in the process 
of extraction exert a decomposing action upon the lecithin 
present in the tissues, resulting in the formation of choline. 
He fhrther showed that the method of Dbagendorff, on 
account of the larger quantity of extractives which form, 
invariably gave a larger yield of this base tlian did the 
Stas-Otto method. Similar observations were made by 
GuARBSCHi and Mosso, by Coppola and others. At the 
present time there is no doubt that some basic substances, 
among these choline, can be formed by the action of re- 
agents, and, on the other hand, it is equally well demon- 
strated that similar bases do preexist ro the physiological 
condition of tlie tissues and fluids of the body. 

Recently B. Wuktz has obtained from normal iilood ft 
number of crystalline products of alkaline reaction, wliicli 
form well-crystallizable double salts with gold, platinum, 
and mercuric chlorides. These, however, nave not been 



as yet subjected to analysis, because of the minute quan- 
tities whici were isolated, 

MoRELLE (1886) showed the presence in the spleiin of 
the ox of a Ijase, the hydrochloride of which crystallizisi 
in deliquescent needles and likewise formwl crystiilline 

£ latino- and auroch lor ides. From expeririients made bv 
lABORDE, the base would seem to possfWi df-ciili-f! toxic 
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properties, briuging on a dyspufEic TOndltlon with con- 
vulsive movements and loss of motion. The post-mortem 
examitmtions reve&led an extended visoeml cedematous 
infiltration, and stoppi^c of the heart in systole. 

A. W. Blyth has claimed to liave isolated from milk 
two alkalotdal substances, namely galactine, the lead salt 
of which is said to have the formula PbjOjCj,H,jNjOj^, 
and laetoL'hrome, the mercury salt of which is represented 
by the formula HgOCgH,gN(.)a. 

LeacomaiH&i of the Venoms of Poisonous Sei-penk. 

The study of the chemistry of tlie venoms of serpents 
and of batraehians is fraught witli so many difficultiea and 
with so miieh daueer, that we tannot wonder at the present 
unsatisfactory condition of our knowledge in reganl to the 
poisonous prineiples winch they contain. Much of the work 
that has been done hitherto is not only maccurate and very 
contradictory, but is far from meeting the requirements of 
exact toxieologieal research. From recent inveetigations 
it seems, however, to be quite certain that the most active 
constituent of the venom of serpents is not alkaloidal in 
its nature as has been supposed by some. In 1881 
Gautier announced the isolation of two alkaloids from 
the venom of tlie cobra which gave precipitates with tannin, 
Mayer's reagent, Nessi-bh's reagent, iodine in potas- 
sium iodide, et*:. They formed crystal lizable platinochlo- 
rides and aurochlorides, and also crystalline, neutral, some- 
what deliquescent hydrochlorides. The neutral or slightly 
acid solutions produced an immediate precipitate of Pnis- 
aian blue in a mixture of potassium ferrieyaaide and ferrie 
chloride. These Bubstauees possess a decided physiologiral 
action, though Gadtier himself dots not consider them 
to be the most dangerous constituenta of the venoms. This 
observation of Gadtier as to the presence of distinct basic 
substances in venoms is at variance with that of WoLCO'rr 
G1BB8, who has been unable to obtain an alkaloid from the 
rattlesnake (Crotalus) venom. S. Weir Mitchell and 
E. T. Reicuert likewise stat« that they Iiave been utterly 
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unable to substantiate GAurrEB's statements. Still more 
recently Wolfesdbn, in an elaborate paper on the nature 
of cobra venom, has (xtnlinued Wolcott Grens as to the 
entire absence of any alkaloidal body. 

MrrcHBLL aud Reichert have made a carefol study of 
the venoms of various serpents, such as cobra, rattlesnake, 
moccasin, and Indian viper, and have succeeded in isolating 
two proteid constituent, one belonging to the class of 
globulins and the other to the peptones. The peptone is 
Said to be uon-precipi table by alcohol. According to 
them, the globulin constituent consists of at least three 
disttn::t globulins. They found that boiling coagulates 
and destroys the globulin as a poison, but leaves the 
venom peptone toxically unchanged, so that the solution, 
though still poisonous, fails to produce the characteristio 
local lesions due to fresh or nnboileil venom. On the other 
hand, Gadtibr asserts tliat the venom is not sensibly 
altered on being heated to 120°-125°, and that the toxic 
action remains constant even when all the proteid con- 
stituents are removed, thus showing that the toxle action 
cannot be attributed to the albumiuoids. The venom pep- 
tone from the rattlesnake or the moccasin, however, when 
injected into animals produced toxic tittecta which were 
marked by an oedematous swelling over the site of injection ; 
the tumor was filled with serum, and so also was the enb- 
cntaneous cellular tissue, Furtliermorc, a gradual breaking 
down of the tissues occurred, accompanied by rapid putre- 
feetive changes and a more or less extensive slough. That 
peptones may possess intensely poisonous properties has been 
shown to be the case by a number of authors, among whom 
may be mentioned ScHMrDT-MOmEiM, Hofmeister, 
POLUTZER, and others. Briegek has, moreover, demon- 
strated that the formation of peptones in the process of 
digestion is accompanied by the development of a toxic 
ptoma'ine which he has named p:3ptotoxine. 

The venom globulins, ou the other hand, though present 
in less quantity than the peptones, induced the same re- 
markable local effects seen on injection of the pure venom. 
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Tliey cause local bleeiiio^, destroy the oui^u lability of die 
blood, and rapidly corrode the eapillaries. 

These results of Mitcheli^ and Rrichbbt, which are 
given here somewhat in full, liave been questioned by 
WoLFENDES, who, while agreeing in the main that the 
poisonous property of venom is due to proteid constituents, 
regards their peptone not as a true peptone, but rather as 
one or more bodies of the albumose group of protcids. He 
likewise regards the globulin of moccasin venom to be 
some other proteid body. Aceordiug to hira, the cobra 
venom owes its toxicity to the proteids, globulin, seruni- 
albumin, acid albumin. Occasionally there seem to be 
present traces of peptone and of hem i albumose. 

Brieobr was at first appareutly inclined to believe that 
the action of venoms is due to animal alkaloids, on the ground 
that these bases are extremely soluble, and henee always go 
into solution along with the likewise very soluble proteid 
constituents, and that the difficulty in tbeir isolation lies in 
the elimiuatiou of these proteids. Since theu BEttEOER 
and FBiSKEL pointed out the poisonous nature of some 
bacterial proteids, and also showed that cobra poison yields 
with alcohol a precipitate which gives proteid reactions. 

The proteids of serpents' venom should be compared 
with the poisonous proteids formed by the activity of the 
pathogenic bacteria, as well as with similar compounds, 
the phi/talbumogea of castor seeds, jequirity, etc. Possibly 
similar compounds will be found in croton and other 
species of ricinus, Jatropha, loco-weed, etc. The poisons 
secreted by certain spiders and Ssh may be lucntioned iu 
this connection. 

CloEz and Gratxolet in 1852 examined the poison 
contained in the cutaneous pustules of some batrachiana, 
and succeeded in extracting a substance which gave a white 
precipitate with mercuric chloride and formed a platinum 
double salt. Beyond this meagre information very little is 
known in regard to the character of these poisons, though 
Zalesky, in 1866, announced the isolatiou of au alkaloid 
a which he assigned the formula Cj^H^NjOg, and which 
e named sal a mandarine. According to Dctartke (1890) 
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this base is a leucomame. and similar products^ but with 
different physiological action, are to be found in other 
batrachians, as the toad, triton(?), green and red frogs, 
and in the epidermis of some fish. According to Calmeil, 
the poison from the toad contains methyl-carbylamine and 
isocyanacetic acid. 
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CHAPTER XIII. 

THE AUTOGENOUS DISEASES. 

All living things are composed of cells. The simplest 
forms of life are unicellular, and in these all the functions 
of life devolve upon the single cell. Absorption, secretion, 
and excretion must be carried on by the same cell. A 
collection of unicellular organisms might be compared to a 
community of men with every individual his own tailor, 
shoemaker, carpenter, cook, farmer, gardener, blacksmith, 
etc. However, only the lowest forms of life are unicellular; 
all others are multicellular. In the higher animals there 
is a differentiation not only in the size and structure of the 
cells, but in the labor which they perform. The body of 
man may be compared to a community in which labor has 
been specialized. Certain groups of cells, which we desig- 
nate by the term " organ," take upon themselves the task 
of doing some special line of work, the well-doing of which 
is essential to the health, not only of that group, but of 
other groups as well, or of the body as a whole. There 
is an interdependence among the various organs. Certain 
groups of cells supply the fluids or juices which act as 
digestauts, and among these there is again a division of 
labor. The salivary glands supply a fluid which partially 
digests the starch of our food ; the peptic glands supply 
the gastric juice which does the preliminary work in the 
digestion of the proteids ; while the pancreatic juice com- 
pletes the digestion of the starches begun in the mouth, of 
the proteids begun in the stomach, and does the special 
work of emulsifying the fats. But even some of these 
products of complete digestion would be harmful should 
they enter the circulation unchanged. The peptones must 
be converted into serum-albumin by the absorbing mechan- 
ism of the walls of the intestines, and while 10 per cent. 
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of the fat of the food is eplit up into glycerin and fatty 
ttcida by the action of the pancreatic juice, a. much smaller 
per cent, enters Ihe thoracic duct iu Ihia divided form. 
The food may he taken in proper qualify and quantity ; 
the digestive juices may do their work promptly and 
properly, but if the absorbents fail to perform their func- 
tions properly, disease i-esiilts. It may happen that the 
failure lies in improper or imiierfect assimilation and the 
result becomes equally disastrous, and with the effects of 
non-elimination we are fairly conversant. Of the myriads 
of cells in the healthy human body there are none which 
are superfluous. It is true that amoug these ultimate 
entities of exisfenee, death is constantly oocun-ing, but in 
health r^eneration goes on with equal rapidity and each 
oi^an continues to do its daily and hourly task. The 
microscope has made us familiar with the size and shape 
of the various cells of the body, and students of pathology 
Jiave described the alterations in form and size character- 
istic of various disease states. But we must remember 
that in the study of these ultimate elements of life there 
j«re other things, besides their morphological history, to 
investigate. They are endowed with life, and they, as well 
as the germs, have a physiol<^y and chemistry which we 
know out slightly. They are influenced beneficially or 
iiariufully, as the case may be, by their environment. 
•They grow and perform their functions properly when 
supplied with the needed pabulum. They are not immune 
to poisonous agents. They are injured when the products 
of their own activity accnmuiate about them. 

The object in writing this chapter has been to collect 
vhat evidence we may concerning those diseases which 
arise from imperfect or improper activity of the cells of the 
body, not due to the introduction of foreign cells. To 
designate this class of diseases we have selected the word 
autogenous, and we understand that in these diseases the 
inaterleg morbi is a product of some cell of the body, and 
not, as in the case of the infectious diseases', of cells intro- 

Iduced from without the body. 
It is true, without exception so far as we know, that the 
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excretions of all living things, plants and animals, < 
substances which are poisonous to the organisms which 
excrete them. A man may drink only chemiculiy pure 
water, eat only that food which is free from all adultera- 
tions, and breathe nothing but the purest air, free from all 
organic matter, both living and dead, and yet that man's 
excretions would contain poisons. Where do th^e poisons 
originate? They are formed within the body. They 
originate in the metabolic changes by which the complex 
organic molecnle is split up into simpler coniponuds. We 
may suppose — indeed, we have good reasons for believing — 
that the proteid molecule has certain lines of cleavage along 
which it breaks when certain forces are applied, and that 
the resulting fragments have also lines of cleavage along 
which they break under certain influences, and so on until 
the end-products, urea, ammonia, water, and carbou-dioside 
are reached ; also that some of these intermediate products 
are highly poisonous has been abundantly demonstrated. 
The fact that the hydrocyanic acid molecule is a frequent 
constitueut of the lencomaines is one of great significance. 
We know that chemical composition is an indication of 
physioli^ieal action, and the intensely poisonous character 
of some of the leucomaiues conforms to this fact. It 
matters uot whether the proteid molecule be broken up by 
organized ferments, bacteria, or by the unoi^nized fer- 
ments of the digestive juices, by the cells of the liver or by 
those still unknown agencies, which induce metabolic 
changes in all the tissues — in all cases poisons may be 
formed. These poisons will differ in quality and quantity 
according to the proteid which is acted upon, and acconling 
to the force which acts. 

Peptones formed during digestiou do not in health reach 
the general circulation. iVhen injected directly into the 
blood they act as powerful poisons. They destroy the 
coagulability of the blood, lower blood-pressure, and in 
large quantities cause speedy death. Brdnton attributes 
the lassitude, depression, sense of weight in the limbs, and 
dulness in the head occurring in the well-fed, inactive man, 
after his meals, to poisoning with peptones. The remedy 
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which he proposes is less food, especially less nitrogenous 
food, and more exercise. That some substanre resulting 
from theproteids of the food is the cause of this trouble 
Brdjjton thinks is evidenced by the fact that the weak- 
ness and languor are apparently less after meals consisting 
of farinaceous foods only. 

That peptone finds its way into the general circulation 
. frequently is shown by its detection in the urine in many 
I diseased conditions, some of which are infectious and others 
autogenous in character. However, propeptunuria, or albu- 
mosuria, is more common than peptonuria, and we have 
already seen that mauy of the bacterial albumoaes are among 
the most highly poisonons bodies known, but the action of 
the albumoscs formed during digestion has not, so far as 
we know, been studied. The valuable work of Kuhnb and 
CHrrTENDES on the chemical character of these bodies 
should be supplemented by a thorough investigation of their 
physiological effects when injected into the blood. It is more 
than probable that valuable information would be secun-d 
by such studies. That albumose is frequently fouud in the 
urine is shown by the following list of diseases in which 
it has been observed, given in the last edition of the work 
of Neubauer and Vooel oq the urine : KiiSNER has 
found it in spcrmatorrhcea ; Koppetj, in mental diseases 
without sperm atorrhtea ; Kahler, In osteomalacia; Bence 
Jones, in multiple myeloma ; Senator and others, in 
dermatitis, intestinal ulcer, liver abscess, croupous pneu- 
monia, apoplexy, vitiuni cordis, resectio coxte, parame- 
tritis, endocarditis, typhoid fever, nephritis, phthisis, etc.; 
LoER, in measles and scarlet fever ; Leubb, in urticaria ; 
and Lassar, after inunctions of petroleum. KiViTNiTz, 
, FuRSTJfER, and others, find albumose frequently in the 
L urine in mental diseases. Evidently, there is much to 
[ learn from the study of the conditions accompanied by the 
\ elimination of the albumoses in the urine. It is more than 
i probable that the acute Brlght's disease following scarlet 
' fever, diphtheria, and the other acute infectious diseases, 
I owes its existence to the poisonous albumoses of these dis- 
Pbior has recently shown that undigested egg 
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Bibumio ie sometimes absorb^ and produces marked ^u»^ 
turbances, A boy, after eating gixteeu raw eggs, had a 
high fever accorapauied by the appearance of both albumin 
and btemoglobin in the uriae. 

Brieger obtained by digesting fibrin with gastric Juice 
a substance which gives reactions with many of the general 
alkaloidal reagents and to which be has given the name 
" peptotoxine." A few drops of a dilute aqueous solution 
flf this substance sufficed to kill frogs within fifteen min- 
utes. The frogs became apparently paralyzed and did not 
respond to stimuli. Slight tremor was perceptible in the 
muscles of the extremities. Rabbits of about one kilo- 
gramme weight were given from 0.5 to 1 gramme of the 
extract aubculaneously. About fifteen minutes after the 
injection, paralysis beginning in the posterior extremities 
set in ; the animal fell into a somnolent condition, sank 
and died. In some rabbits several lioura elapsed before 
the above-mentioned symptoms appeared. 

Peptotoxine was found by Brieoeb to be formed not 
only by the digestive juioe, but to be among tlie first 
putrefactive products of proteids, as fibrin, casein, brain 
Bubslance, liver, and mumble. 

It is highly probable that many of the nervous symptoms 
which accompany some forms of dyspepsia are (Ttie to the 
formation and absorptiou of poisonous substances. 

In some persons the tendency to the formation of poisons 
out of certain foods is very marked. Thus, there are some 
to whom the smallest bit of egg is highly poisonous ; with 
others, milk will not agree ; and instances of this kind are 
sufficiently numerous to give rise to the adage, " What is 
one man's meat is another man's poison." 

Bbunton is of the opinion that the condition which we 
term " biliousness," and which is moat likely to exist in 
those who eat largely of proteids, is due to the formation 
of poisonous alkaloids; but of this we have no positive 
proof. 

Whether or not the unorganized digestive ferments ever 
find their way into the blood in quantity sufficient to cause 
deviatious from health, we are not in a position to state 
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definitely. The older physiological chemiets teach hb that 
pepsin and trypsin are frequent, if not constant constitnente 
of Dormal urine, but their experiments were made without 
any reference to the possibility of the ferments which they 
found being formed by the bacteria of tlie urine, and after 
carefnlly going over the literature of the subject we are not 
prepared to pass judgment on the truth of their statements. 
However this may be, the fact that these ferments manifest 
a marked toxicologieal effect when introduced into the 
blood is of great interest, especially at this time. Hildb- 
BRANDT has recently reported the results of s*ome experi- 
ments made by himself upon this subject. He finds that 
a fatal dose of pepsin for dogs is from 0.1 to 0.2 gramme 
per kilogramme of body weight. The subcutaneous iDJec- 
tion of these quantities is followed by a marked elevation 
of temperature, which he designates as " ferment fever." 
This fever begins within an hour after the injection, 
reaches its maximum aft«r from four to six hours, and 
may continue for some days. On the day preceding death, 
the temperature generally falls below the normal. During 
the period of elevation there are frequent chills. 

The symptoms which accompanying the fever vary 
somewhat with the species of animal. Rabbits lose flesh 
Doth withstanding the fact that they continue for a while 
to eat well, they become very weak, and death is pi*eceded 
by convulsive movements. Dogs tremble in the limbs, be- 
come uncertain in gait, and vomiting, dyspncea and coma 
are followed by death. 

On section tliere is observed parenchymatous degenera- 
tion of the muscles of the heart and similar changes in the 
liver and kidney. There are abundant hemorrhages in the 
intestinal canal, in Peybb's patches, in the mesenteric 
glands ; and in the lungs in eats. Thrombi are frequently 
found in the lungs and in some cases in the kidneys. 

The effect upon the coagulability of the blood is worthy 
of note. At first there is a period during which the coagu- 
lability of the blood is greatly lessened, then follows a 
rod of greater rapidity in coagulating, am) it is in this 
ar stage that the thrombi are formed, 
16* 
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These experiments are interegtitig not only as a possible 
explauation of the cause of some of the autogonoua fevers, 
which will be discussed later, but In view of the present 
tendency to inject such complex auimal solutions as 
BHOWN-SfiQUAED'a elixir and Koch's lymph subcutane- 
ously, and they will probably cause us to exercise a little 
more care in this direction. 

That certain febrile conditions are autogenous there can 
be no doubt. These, like otiier diseases originating within 
the system, may be due to either of the following causes: 

1. There may be an excessive formation of poisonous sub- 
stances in the body. Thus, Bouchard has shown that 
the urine excreted during the hours of activity is much 
more poisonous than that excreted during the hours of rest. 
Both physical and mental labor are accompanied by the 
formation of these deleterious bodies, and if the hom-s of 
labor are prolonged and those of rest shortened, there will 
be an accumulation of effete matters within the system. 

2. The accumulation of the poisonous matters may be due 
to deficient elimination. 3. Some organ whose duty it is 
to change harmful into harmless bodies may fail to prop- 
erly perform its functions. Illustrations of diseasea con- 
ditions arising from these several causes will be given. 

First, we may mention fatigue fever, which is by no 
means uncommon, and from which the overworked physi- 
cian not infrequently suffers. One works night and day 
for some time; elimination seems to proceed normally; 
but after a few days there is an elevation of temperature 
of from one to three degrees, the appetite is impaired, and 
then if the opportunity for rest is at hand sound and rest- 
ftil sleep is impossible. The tired man retires to his bed 
expecting to fall asleep immediately, but he tosses from side 
to side all night, or his sleep is fitfiil and unrefresbing. 
The brain is excited and refuses to be at rest. The senses 
are alert, and all effort's to sink them in repose are unavail- 
ing. Fatigue fever is frequently observed in armies npon 
forced marches, especially if the troops are young and tin- 
aocustomed to service. Mosso has studied this fever in 
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the Italian array. He states that in fatigue the blond is 
subjectetl to a process of decomposition brought about by 
the infiltration into it from the tigsiies of poisonous sub- 
stances, which, when injected into the circulation of healthy 
animals, induce malaise and all the signs of excessive ex- 
haustion. It is possible that in this decomposition of the 
blood the fibrin-ferment, which, according to Schmidt, is 
held in combination in the colorless corpuscles, is liberated ; 
and it has been shown by Edelberq that the injection of 
small (juantitiea of free fibriu-ferment into the blood causes 
ftver, while the injection of larger quantities is followed by 
the formation of thrombi, as has been demonstrated by the 
experiments of Edelberg, Bonne, Birr, and KriiiLAii. 

Fatigue fever is often accompanied, especially during the 
period of elevation, by chilly sensations, and consequently 
it is pronounced malarial and quinine is administered, but 
it does no good^-often harm, by increasing cerebral excite- 
ment. The proper treatment is prolonged rest, with proper 
attention to elimination. 

Then tliere is the fever of exhaustion, which differs from 
fatigue fever only in degree. It is brought on by pro- 
longed exertion without sufficient rest and often without 
sufBcient food. The healthy balance between the formation 
and elimination of effete matter is disturbed, and it may 
be weeks before it is reestablished — indeed, it may never 
be regained, for some of those canes terminate iatally. The 
fever of exhaustion may take on the ^phus form, deliriiiru 
may ap[>ear, muscular control of the bowels may be lost, 
and death may result. 

That the fever of exhaustion has been mistaken for 
typhoid by some of the ablest clinical teachers Is shown by 
Peter in the following quotation. "It was in 1852," says 
he, "when entering upon my chnical studies and ardent m 
my attendance at the clinic of Chomel, I was witness of 
the following instance: A young man was received under 
the celebrated professor's charge suffering from prostration, 
muscular pain, and rhachialgia. Ohomel made the exam- 
ination with all the care and attention used by him ; then 
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— as was also usual with him id the presence of the patient 
— he gave the disffooeis in Latin, which was 'Aut febris 
pej/erica, aut variola itunptentis ' (cither typhoid fever or 
iDcipieot smaOpos). I felt rather dissatisfied at a diagnosis 
so little precise by one so eminent in his art. The truth of 
the matter was, though Chomel was not aware of it, tliis 
young fellow in a state of destitution had walked from 
Compifegne to Paris, sleeping by the wayside at night and 
nourishing himself with such refuse food as chance supplied. 
It was under such circumstances the patient had developed 
febrile symptoms. The day after his admission, and simply 
from rest in bed, he felt better, and the day following he 
was altogether well." 

That all cases of the fever of exhaustion tlo not tenuiiiate 
so rapidly as that instanced above many physicians know. 
We have seiiu at least one such case terminate fatally. 

Then, again, there is the fever of non-elimination, which 
all physicians of experience have observed. There is a 
feeling of languor, the head aches, the tongue is coated, the 
breath offensive, and the bowels constipated. The physi- 
cian fears typhoid fever, but finds that a good, brisk cathar- 
tic dissipates all unpleasant symptoms, and the temperature 
falls to the normal. This fever is also liable to appear 
among those who are confined to bed from other causes. 
Bbunton says : " No one who has watched cases of acute 
diseases, such as pneumonia, can have failed to see how a 
rise of temperature sometimes coincides with the occurrence 
of constipation, and is removed by opening the bowels." 
The surgeon and obstetrician have often had cause to rejoice 
when they have found a fever, which they feared indicated 
septictemia, disappearing after free purgation. 

Bouchard has shown that normal feces contain a highly 
poisonous substance, which may be separated from them by 
dialysis, and which, when administered to rabbits, produces 
violent couvulsious. He estimates that the amount of 
poisonous alkaloids formed in the intestines of a healthy 
man each twenty-four hours would be quite sufficient to 
kill, if it was all absorbed. He proposes the term "ster- 
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corpemia" for that condition wbich results from arrest of 
excretioL from the intestine. 

It is more tlian probable tbat tlie poisons of the intes- 
tines are due to the bacteria which are normally present ; 
but this would not exclude the fever of non -elimination 
from the list of autogenous diseases. The bacterial cells 
which are normally present in the intestines cannot be 
regarded as invaders from without. 

It would seem from some recent studies that not all sur- 
gical fevers are due to bacterial activity. The absorption 
of aseptic blood-clots and of disint^rated tissue in cases of 
complicated fractures and contusions of the joints is accom- 
panied by an elevation of the temperature above normal. 
A like result may follow the intravenous injection of a 
sterile solution of hfemoglobin or of the blood of another 
animal. The causative agent in the production of these 
fevers remains unknown. In the blood of twelve out of 
fifteen patients with aseptic fever, at the clinic of Noth- 
HAOEL, Hammerbt^hlag hns found free fibrin -ferment, 
but in five persons without fever he found the same sub- 
stance in the blood. This leaves the causative agent in the 
production of the aseptic, or, more properly speaking, the 
Don-baeterial, fevers unknown. 

The chemical theory of so-called ura?mia has received 
support in recent researches, notwithstanding the fact that 
the old idea that urea is the active poison and the theory 
of Frereiches that ammonium carbonate is the active 
agent have been abandoned. 

Landois laid bare the surface of the brain in dogs 
and rabbits, and sprinkled the motor area with creatine, 
creatinine, and other constituents of the urine. Urea, 
ammonium carbonate, sodium chloride, and pota^ium 
chloride had but slight effect ; but creatine, creatinine, 
and acid sodium phosphate caused clonic convulsions on 
the opposite side of the body which later became bilateral. 
The convulsions continued at intervals for from two to 
three days, when, growing gradually weaker, they disap- 
peared. Laiox>ib concludes that chorea gravidarum is a 
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forerunner of eclampsia. Theae experiments have been 
coufirmed bv LEUBUScnER anH Zeichen. 

Faix:k injected into botli sound and neptirotomized ani- 
mals fresh urine, urine and the ferment of Mdscoi-DS and 
Lea, and urine which had undet^ne spontaneons decom- 
position, without producing any symptoms which were 
comparable with those observed in nriemia. However, he 
did find that if a few drops of an infusion of putrid flesh 
were added to the urine before injection all the typical 
symptoms of unemia were induced. That the infusion of 
putrid flesh alone bad no eflect was also demonstrated. 
This would lead us to believe that some ferment in the 
infusion coDverts some constituent of the urine into a 
highly poisonous body. lu this connection attention may 
be called to the fact tliat creatine may be converted by the 
action of certain germs into methyl -guani dine, which pro- 
duces convulsions. Whether such conversion occurs in 
uriemiu or not, and if it does what the cause of it ie, are 

Questions which must be left for future investigations to 
wide. It would be well for someone to test the brain 
aud blood of a person who has died in unemic convulsions 
for methyl-guanidiue. 

That there is a marked disturbance of tissue metabolism 
caused by the inhalation of vitiated air has been shown by 
Ahaki. In the urine of animals rendered unconscious by 
being kept in a confined space this experimenter found 
albumin, sugar, and lactic acid. If the animals had been 
kept without food for some days before being subjected to 
this experiment albumin and lactic acid were found, but 
no sugar appeared. This was undoubtedly due to the fact 
that the glycogen of the body had been exhausted by the 
fasting. Identical results were observed in animals which 
were poisoned with carbon monoxide. Dogs which were 
poisoned with curare, and in which the respiratory move- 
ments were maintained artificially, secreted very little 
urine ; but the blood was found to cont.iiu considerable 
quantities of sugar aud lactic acid. The urine of frogs in 
which the respiration was retarded by the pi-oduction of 
tetanus with strychnine secreted urine containing sugar and 
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lactic acid. In the urine of three epileptics there were 
found albumin and lactic acid directly after the seizure. 
The factor common to all th^se cases is diminished oxygen- 
ation of the blood, and to this is ascribed the appearance of 
the abnormal constituents of the urine. These investiga- 
tions demonstrate the influence of impure air upon the 
chemistry of the living cells of the animal body. 
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method of extraction, 
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historical sketch of, 22 
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relation to infectious dis- 
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method of extraction, 170, 
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Bergmann and Schmiedeberg's me- 
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methods, 161 
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Cadaverine, 34, 107, 212 
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Carb<mic acid, 341 
Carnine, 326, 334, 344 
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Charcot-Neumann, crystals of, 330 
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Cholera, 104 

Bujwid's reaction, 110 

-blue, 112 

-infantum, 133 

-red, 110 

-stools. 213 
Choline, 34, 107, 237 

decompositions of, 243 

-group, 232 

constitution of, 252 
Chorea gravidarum, 361 
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Cod-liver oil, bases from, 263 
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by, 104 
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Colchicine-like substances, 181 
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Dihydrolutidine, 195 
Dimethylamine, 34, 188 
Dimethyl-xanthine, 336 
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bacillus of, products of, 124 
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Dippel's oil, 198 
Diseases, classification of. 84 

relation of bacterial poisons to, 84 
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products of, 140 
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Eel, poisonous, 41 
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Enzymes. 35, 105, 118 
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Ethyleneimine, 205, 330 
Ethylidenediamine, 34, 204 
Expired air, leucoma'ines in, 341 
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Guanidine, 227,312 
Guanine, 308 
Guareschi's base, 268 

and Mosso's bases, 201, 273 



HAM, poisonous, 47 
Hankin's method, 171 
Heteroxan thine, 319 
Hexylamine, 194 

Historical sketch of the bacterial poi- 
sons, 22 
Hog-cholera, 142 

-erysipelas, 142 
Homo-piperidinic acid, 231 
HydrocoUidine, 200 
Hydrocoridine, 204 
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ICE-CREAM, poisonous, 79 
Immunity from blood serum, 
146, 147 
methods of securing, 146 
-producing substances, nature of 

of, 146 et seq. 
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225 
to diphtheria, 128 
to pneumonia, 145 
to swine-plague, 144 
to tetanus, 119 
Indol, 111 

Infectious diseases, 84, 101 
how produced, 85 
definition of, 92 
favored by bacterial pro- 
ducts, 151 
Iso-amylamine, 193 
Iso-cyanacetic acid, 351 
Iso-propylamine, 193 



KAKKE. 41 
Koch's rules, 92 



LACTIC acid. 106 
Lactochrome, 348 
Lecithin, de<;onipo8itioii of, 240 

preparation of, 239 
Leucin, 19, 103, 109 
Leucocythaimia, urine in, 284 



Leucoma'ines, bibliography of, 381 

chemistry of, 280 

extraction of, 334 

pathological importance of, 354 
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Marino-Zuco's method, 159 
Meal and bread, poisonous, 83 
Meat, poisonous, 50 
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carbylamine, 351 

guani«line, 34, 108. 144, 225, 362 

hydantoin, 226, 340 

method of extraction, 167 . 

uramine, 226 

xanthine, 314,319 
Milk, leucoma'ines in, 348 

poisonous, 62 
Mon amines, 187 
Morin's base, 222 
Morphine-like substances, 178 
Morrhuic acid, 263 
Morrhuine, 228 
Muscarine, 34, 251 
Mussel, poisonous, 36 
Mutton, poisonous, 51 
Mycoderma aceti, 16 
Mycoprotein, 19 
Mydatoxine, 34, 253 

isomer of, 255, 267 
Mydaleine, 34, 270 
Mydine. 34, 230 
Mylitotoxine, 34, 40, 255 
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XI Nencki's base, 196 
Neuridine, 34, 218 
Neurine, 34, 232 
Nicotine-like substances, 177 
Nicotinic acid, 199 
Non-toxicogenic bacteria, 13 
Nucloins, 141 



OSER'S base, 229 
Oxy-betaines, 265 
Oxygenated bases, 230 
Oysters, jwisonous, 41 
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PANUM'S narcotic substance, 25 
putrid poison, 24 
Faraffin oil, bases in, 223 
Parareducine, 344 
Parasitic bacteria, 13 
Paraxan thine, 321 
Parvoline. 201 
Pellagroceine, 178 
Pentamethylenedi amine, 213 
Pepsin, action of, 357 
Peptones, poisonous nature of, 354 

et acq. 
Peptotoxine, 275, 356 
Petroleum, bases in, 223 
Peptotoxine, 275, 356 
Phenyl-ethylamine, 197 
Phlogosine. 274, 129 
Phosphorus-containing 8ubstances,3 1 
Phytalburaose, 350 
Piperazine, 332 
Piperidine, synthesis of, 213 
Pneumonia, chemical products in, 

145 
Poisonous foods, 36 
Pouchet's bases, 265, 268, 344 
Propylamine, 193 
Protalbumose. 103 
Protamine, 332 
Protomyosinose, 156 
Pseudo-xanthine, 328 
Ptomaines, bibliography of, 364 

chemistry of, 187 

definition of, 15 

table of, 278, 279 

separation of alkaloids from, 186 

methods of extraction of, 157 
remarks upon, 165 
Ptomatropine, 179 
Puerperal fever, 145 
Putrefactive alkaloids, 15 
Putrescine, 34, 107, 206 
Putrid poison of Panum, 24 
Pyocyanine, 277 
Pyogenetic pToteids, 130 
Pyoxanthose, 277 
Pyridine, 107, 199, 202, 203, 275,344 
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AX Reagents, purity of, 158 

Redueiiie, 344 

Heus'ri test tor atropine, 179 

Kouget, 142 

Koussin's test for nicotine, 177 



SALAMANDARINE, 350 
Saliva, leucomames in, 346 
Salkowski's base. 231 
Saprophytic bacteria, 13 
Saprine, 34, 220 
Sarcina botulina, 46 
Sarcine, 298 
Sarcosine, 340 
Sausage, poisonous, 22, 42 
Schweineseuche, 142 
Sebacic acid, 22, 46, 52 
Selmi's method, 27, 159 
Sepsine, 26 

method of extraction, 169 
Septicaemia of rabbits, 144 
Septicine, 194 
Sinapin, 242 
Spasmotoxine, 117, 194 
Spermine, 205, 330 
Spleen, leucoma'ines in, 347 
Staphisagria, 180 
Staphylococcus pyog. aureus, bases 

from, 274 
Stas-Otto method, 158, 167 
Stercoraemia, 360 

Strychnine-like substances, 32, 178, 
204 

reactions, 33, 180 
Sucholotoxine, 144 
Summer diarrhoeas of infancy, 133 
Suppuration, 129 
Susotoxine, 143, 223 
Swine-plague, American, 142 

products of bacillus of, 143 

German, 142 



TETANINE, 34, 117, 265 
Tetanizing substance, 32 
Tetanotoxine, 117, 194 
Tetanus, 113, 147 

bacillus, products of, 117 ei seq. 

immunity to, 119 

neonatorum, 115 

toxines 194, 195, 255,265. 267 
Tetrahydronaphthylamine, 201 
Tetramethylenediamine, 209 
Tetramethyl-putrescine, 210 
Theine, 316 

Theobromine, synthesis of, .'U6 
Theophylline, :{26 
Toxalbumins. 19, 35, 118. 121, 127 
Toxicogenic bacteria, 13, 99 
Toxicology of ptomaines, 174 
Toxines, 15 
Toxopeptones, 109 
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Triethylainine, 192 
Trimethylamine, 34, 1 89 
Trimethylenediamine, 108, 205 
TuberculiD, 120 
Tuberculosis, 120 

products of bacillus of, 121 
Typhoid bacillus, 139 

products of, 140 

fever, 139 
Typhotoxine. 34, 140, 259 

isomer of, 268, 261 
Tyrosin. 103, 109,197,281 
Tyrotoxicon, 34, 41, 56, 61, 79, 269 

in summer diarrhcca, 139 



UNDETERMINED leucomaines, 
341 

ptomaines, 269 ct aeq 
Uraemic poisoning, 361 
Urea, 227 
Uric acid, 318 

group of leucomaines, 282 
Urine, ferments in, 357 

leucomaines in, 343 

toxicity of, 345 



Urochrome, 344 
Urotheobromine, 343 



VALERIANIC acid, 231 
Vanilla, 79 
• Veal, poisonous, 51 

Venoms of serpents, 348 
, Veratrine-like substances, 180, 204 
I Vernine, 309 
Vitiated air, effects of inhalation of, 
362 
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EIDEL'S reaction, 288 
White liquefying bacterium, 
products of, 139 



XANTHINE. 313 
group, constitution of, 318 
Xantho-creatinine, 337 



yEISEL'S test for colchicine, 182 
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